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INTRODUCTION 
Up to 40% of ·the heating/cooling energy requirement of 
.a typical home can be attributed to unnecessary air infil-
tration. To reduce the energy costs of heating/cooling a 
home, it is therefore essential that every possible measure 
be taken to reduce the loss of conditioned air through the 
1 
~many leakage paths in a house. In order to accomplish this, 
it is first necessary to locate these leaks, and to deter-
::mine their relative imp6rtance. Both theoretical and experi-
~ental techniques have been developed to accomplish this. 
·This effort compares existing theoretical techniques to new 
-experimental results on two houses of different window con-
-~truction, since windows are the most important sites of 
infiltration. 
·Yirst, air infil-tration was calculated by a theoretical 
- ~ethod for Houses No. 1 and No. 2. Then, it was measured by 
an air-test unit designed and built for this purpose. The 
.·air-test unit measures the rate of air flow through closed 
doors and windows resulting from inside/outside air-pressure 
-differences simulated by the unit blower. This simulation 
·.recreates the air flow which will occur naturally due to 
· -·wind action on a building, stack effect in a building, the 
--:operation of mechanical ventilation and exhaust systems, or 
a combination of these factors. These measurements were 
the ·main effort of this investigation. 
•' 
ihe air-test unit has two flowmeters and an inclined 
~nometer. The large flowmeter is used for measuring air 
infilt~ation through cracks and openings of doors and win-
dows of the houses. This flowmeter directly measures the 
flow rate of air entering or leaving the house. At the 
same time, A P, measured in terms of inches of water, can 
-be· read from the inclined manometer for the corresponding 
flow rate. 
2 
'The data obtained f~om this experiroent were corrected 
to represPnt conditions caused by a 12 mph wind, the average 
wind speed in Brookings. From the data collected by the 
flowmeter and inclined manometer, the infiltration heat loss 
is calculated. Then, after calculating the total heat loss 
~ue to transmission through the solid boundaries of the 
buildings, the figures were added to get the total combined 
- heat loss. 
The theoretical method was then compared with the 
experimental method. The results of both of these methods 
~ere finally compared with the actual fuel consumption for 
~pace heating during a one-year period in each of the houses. 
The houses were selected on the basis of the window 
~tructure. House No; 1 has only double hung wiridows, while 
House No. 2 has many different types of windows. This 
allowed a comparison as to the tightness, or resistance to 
air flow, of the various window types. House No. L is elec-
trically heated, and House ~o. 2 has a furnace which consumes 
_No. 2 fuel oil; · however, the houses were not chosen because 
they have different heating systems. By using the fuel and 
- ~lectrtcity bills, the amounts of energy consumed were cal-
-culated. Then, by converting the experimental findings to 
fuel and electricity consumption figures, the two were com-
pared for accuracy. The same was done wi~h the theoretical 
results. 
3 
PROCEDL~ES FOR CALCULATING BEAT LOSSES FROM A BUILDING 
To calculate heat losses from a building the following 
~roced~re should be used: 
1. Find the outdoor design conditions: temperature, 
humidity, wind direction and speed • 
. 2. Find the indoor design conditions ~hich the 
--~ccupants maintain • 
4 
. 3. Calculate, or estimate, the unheated space adjacent 
.to heated space. 
4. Use the appropriate heat transmission coefficients 
-~o calculate the heat losses for walls, floors, 
~eilings, windows, doors and slabs. 
5. Compute heat loss due to infiltration. 
6. Add heat loss from transmission to heat loss due 
to infiltration to get total heat loss. (1) 
Heat Transmission in Buildings 
The design of an efficient building depends on a good 
·estimate of the heat loss, or gain, of the building struc-
ture. Precise calculation of heat loss, or gain, of a 
building is very difficult -because the structure is made of 
. --eomplex materials, but reliable values can be obtained with 
-~xperience and experimentation~ 
"Although all modes of heat trans~er are important in 
the heat loss, or gain, calculations for a building, the 
~mphasis here is on heat loss through windows and doors 
5 
during the winter, and the rest of this report will refer to 
as a "heat loss". 
Calculatio n of qeat Losses 
Heat transfer can be defined as the transmission of 
thermal energy fro~ one region, or surface, of a solid 
material to another as the result of a temperature differ~ 
ence between them. (4) 
There are two kinds of heat losses through a structure: 
1. The heat transferred through walls, ceilings, roofs, 
windows, floors .and doors, from inside space to 
outside air in the form of sensible heat transfer, 
called transmission heat loss, is computed by the 
.equation: 
q = UA ( ti - to) (1) 
q = A ( t· - to) (2) 
R . l 
where 
q = heat transfer rate measured in Btu/hr (W) 
A = total surface area measured in ft 2 (m2 ) 
ti ·; indoor temperature measured in °F (°C) 
t
0 
= - outdoor temperature measured in °F (°C) 
U = overall coefficient of heat transfer 
measured in Btu/hr-ft2_oF (W/m2-oc) 
U = ~' where R is the total thermal re~ist~nce 
of t~e composite structure member. 
2. Air infiltration into the structure occurs .when 
cold, dry outside air enters the structure and must 
•' 
be heated and moistened to meet the design conditions. 
.The heat needed to increase the temperature is calculated 
by: .. • 
qs = mo Cp (ti - to) 
:Where 
• = mass flow rate of the infiltrating outside air 
measured in lbm/hr (Kg/s) 
.Cp = specific heat capacity of moist air measured 
in Btu/lbm-°F (J/Kg-°C) 
.Air infiltration is. usually computed on the basis of 
volume flow .rate of outdoor air entering the building 
- through the cracks and openings. Therefore, equation 3 · 
··becomes: . . 
= QCp (ti - t 0 ) 
Vo 
• 
6 
(4) 
or q 8 
where 
· (5) 
Q =volume flow rate measured in ft 3 /br (m3/s) 
v 0 = specific volume measured . in ft.
3 /lbm (m3 /Kg) 
?o = densitj of th3 outside air measured in 
lbm/f ~ (Kg/ro ) 
The combined transmission and air infiltration heat 
losses are 
• • 
• 
qt-otal (6) 
~here are two methods used to compute air infilt~ation 
.in buildings. 
7 
1. Crack Method - This method is based on the kinds 
and sizes of windows and doors, and also on the 
difference in pressure between indoors and outdoors. 
It is most accurate when used · to evaluate houses 
with relatively well-fitting windows, usually 
,newer houses. 
2. Air-Change Method - This ~ethod is based on the 
number of air changes per hour for each room 
depending on the number of windows and doors. It 
is most accurate when the windows are poorly fitted 
and allow a cohsiderable amount of air change. 
""This usually occurs in older houses. See Table SD, 
page 136. (This method is described in Test House 
No. 1, but the crack method is used for calculationsJ 
Since the test houses were newly built, · the more accu-
-rate method to use to estimate air infiltration is the 
-~rack method. Air infiltration is first calculated by the 
th~oretical method using the flow ~ates ~btained from 
.,Table 4D, page 135. Then the results are compared with 
<~measured data found by the air test unit. 
·~etermination of Air InfLltration Rates 
Air infiltration is a major factor in annual energy 
consumption, either as electricity or fuel oil. In the 
- ~verage home, nearly one-third of the energy for spac~ 
-~eating is lost through air infiltration. 
Air infiltration rate is difficult to quantify because 
8 
it is not only a function of building tightness and confi-
guration, but also of inside-outside temperature differences, . 
wind di!ection, speed, and location of the building. 
Air flow rate into and out of a building, called infil-
~ration and exfiltration, depends on the pressure difference 
·between inside and outside, and on the resistance to flow 
of·air through cracks and crevices in the building. The 
-total pressure difference is due to two separate physical 
·~echanisms: wind, and th~ air density difference between 
inside and outside air, called chimney or stack effecto 
When infiltration occurs due to wihd, air enters through 
~racks (openings) in the windward side and leaves through 
~racks (openings) in ~he leeward side. When infiltration 
is due to the temperature difference between cold outside 
-air and a warm building, the flow enters near the bottom 
-of the building, moves upward inside the building, and 
exits near the top. The mass flow rates at individual 
-·:cracks are such that the total flow resis'tance is minimized. 
:This flow pattern is reversed in a cold building surrounded 
by warm air. (2,3) _ This relation can be shown by: 
~p = ( fo - fi) gh 
-where 
~p = the pressure difference, defined as Po -Pi 
~= air density measured by lbm/ft3 (Kg/m3 ) 
o = outside 
1 = inside 
: I 
g = gravitational force measured in ft/sec2 (m/s 2 ) 
h = height between inlet and outlet openings (cracks) 
-measured in feet (meters) 
Air infiltration due to wind occurs because the wind 
9 
.develops a pressure above static pressure on the windward 
side of a building and pressure below static on the leeward 
side. Air flows through the building from high to low 
~ressure regions • . The outside pressure pattern is dependent 
-on wind angle and building shape. Static pressure over 
building surfaces is approximately proportional to the 
·velocity· pressure (velocity head). The velocity pressure 
of a given wind speed with the air at a standard condition, 
i.e. J: = 0.075 lbm/ft3 and JPw = 62.4 lbrn/ft3, can be 
·expressed as: 
-2 pv = __ v_ 
2gc 
(8) 
.:or P v 
-2 
= ...2,._ ( 12) = inches of water (9) 
2gc 
, _2 
or Pv = 0.000482 v 
~where 
P = velocity pressure measured in inches of water v 
~v = wind velocity measured in miles per hour 
a = air 
w = water 
(10) 
Local topographical features, such as hills and valleys, 
affect wind profiles. Trees, terrain, and other obstruc-
-tions which surround a building reduce air infiltration in 
• ' 
10 
the building by converting directed kinetic energy in the 
approaching wind into a random turbulent energy. If trees 
-are properly planted on the windward side of a building, 
~atural infiltration can be reduced by · as much as 45%. For 
different types of terrain, a simple formula can be used to 
show the wind speed variation for that terrain: (3) 
v -= KZa 
vm 
where 
v = wind speed measured in ft/sec 
v = wind speed at height equivalent to 32.8 ft (10 m) m 
K = ~oefficient 
Z = height measured in feet (meters) 
a = exponent 
See the following rable 1. 
Table 1 
FACTORS FOR DETERMINING WIND SPEED FOR DI:"FERENT TYPES OF 
"TERRAIN ~ROM METEROLOGICAL O?~ICE WIND SPEED VM MEASURED AT 
32.8 l?T (10m) IN OPEN COUNTRY (3) 
Terr.ain 
Open flat country 
-Country with scattered wind breaks 
Urban 
City 
K 
0.68 
0.52 
0.40 
0.31 
a 
0.17 
0.20 
0.25 
0.33 
Assuming the upwind leakage area in the house equals 
-the downwind leakage area, air flow through cracks on tbe 
windward side can be measureq by using the short capillary 
tube model or the orifice model. (Refer to Appendix A) 
•' 
11 
Frank Kreith and Raymond Eisenstadt (5) have experi-
mented with pressure drop and flow characteristics of short 
capilLary tubes at low Reynolds numbers and have found the 
following model: (See Appendix A) 
Q' = C ( ~P)N (12) 
.: where 
• Q' = volume flow rate of air measured in cfm/ft 
C = flow coefficient 
~P = pressure difference acros2 the opening measured 
in inches of water (lb/ft ) 
N = flow exponent depending on the character of the 
flow 
1/2 ( N ( 1 
N = 1/2 for pure turbulent flow 
N = 1 for pure laminar flow 
·The air leakage characteristics are defined by using 
.-equation 12 for each· window or door. 
Since the flow varies from turbulent flow to laminar 
flow in various windows and doors, to obtain proper dP, 
the exponent, -N, must also vary depending on the flow 
- ~haracteristics. By using linear regression, it is easy to 
~etermine N and C from the data obtained by the air-test 
. unit. Because of th~ var1ous types of windows and doors in-
-~'Stalled in the test houses, there are different regression 
~quations for each type and also various coefficients (C) 
and flow exponents (N) for each type of window and door. 
The air leakage measured in the test houses indicates the 
•' 
fit and workmanship of the building doors and windows 
through the magnitude of C for fixed N. For details on 
bow N and C are obtained, refer to Appendix B, or the cal-
~ulations on p. 85. 
Ventilation, Health, and Energy Consumption 
12 
Control of comfortable, or acceptable , conditions in 
: residential and commercial buildings requires approximately 
-~ne-third of the total energy consumption in the United 
States. This can be reduced by minimizing ibfiltration, 
- however, very low infiltration rates will cause serious pro-
~blems such as insufficient combustion air for furnaces, 
·back drafting of fireplaces, measurable concentration of 
xadon gas, mercury vapor, formaldehyde, and other potentially 
hazardous materials. (7) It is therefore recommended that 
the minimum reduced air infiltration rate should be 0.5 air 
--.change per hour, or 5 cfm per .person, for residential 
··buildings. ('!?'or more information about . air quality, please 
Tefer to Appendix C) 
The De~ree-Day Methnd 
The degree-day method· for computing fuel requirements 
is based on the assumption that fuel consumption will be 
~roportional to the difference · between the mean daily 
temperature and 65°F. The number of degree days for an 
arbitrary period are determined by the relationship: 
DD = ( t - ta) N ( 13) 
24 
•' 
where N is .the number of hours for which the average 
temperature (ta) is computed, and t is 65°F (18°C). 
Modified De~ree Day Procedure (1) 
The general relation for fuel calculation is: 
• 
13 
. F = 24 DD q 
fL(ti-to)H 
( 14) 
where 
F = the quantity of fuel required for the period de-
sired; the unit~ depend on H 
DD ~ degree-days for the period desired 
q = the total calculated heat loss rate based on design 
conditions, t 1 and t 0 , Btu/hr or W (watts) 
1t= the rated full load efficiency of the furnace 
H = the heating value of fuel, Btu or kilowatt-hour 
per unit volume 
= the interim correction factor for degree days 
based on 65°"F (See Table 6D, page 136 ) 
CF = the interim nart-load correction factor for 
fueled systems (1.0 for electric resistance 
·heating). (See · Table 7D, page 136 ) 
356283 
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OPERATI.NG INSTRUCTIONS 'FOR AIR-TEST UNIT 
The air-test unit is made to provide a quick, and fairly · 
~ccur~te, test of air leakage into and .out of old or new 
windows and doors installed in existing buildings. The 
unit is designed to measure air leakage of the individual 
~ components, i.e., window or door. If the method of testini 
.is -properly followed, the unit will provide results which 
will be very close to laboratory accuracy. The test unit 
-~an be used to predict energy losses associated with infil-
·tration in buildings. 
~he air-test unit, shown in Figure 1, has two flow 
~meters with direct reading in standard cubic feet per hour--
-one flow meter is used for very tight windows, the other 
. ~ne, which can measure higher flow rates, is used to measure 
infiltration through average-fit windows and doors. The 
flow meters measure air leakage at various pressure dif-
ferences. Along with these two flow me~ers, there is an 
inclined manometer graduated in inches of water, which 
measures the pressure ·drop. The pressurization and depres-
surization is accomplished with a ±900 SCFH (standard cubic 
feet per hour) capacity blower and its associated compo-
~ents which allow the performance of .field tests. 
-!he basic principle of the field test is to provide a 
·temporary air-tight chamber around the interior of an 
existing window. This is accomplished by taping a polyethy-
lene sheet completely around the opening perimeter with a 
• ' 
$of 
GJ 
.u 
GJ 
-window plate 
0 oQ 
~--~~-~leakage 
sites 
window 
e wall 
~ section 0 ..... 
'W 
- :j manometer 
~ 
Cl'l 
blower 
Tigure 1 
~FRESSURIZATION 
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J 
fitting in the sheet to receive the manometer pressure tap 
~nd the blower air supply. 
16 
When the test specimen is completely sealed, a positive 
~r negative pressure can be induced. Before running the air 
test, the chamber should be allowed to stabilize with the 
exterior pressure. The function of the test is to measure 
~he amount of air required to maintain a constant pressure 
4rop once a drop is established. Since the polyethylene is 
air tight, any air that is pumped ·into, or evacuated from, 
the cha~ber is the air loss through the window or door. To 
improve results, each test was run using both positive and 
negative pressure, and the two leakage rates were averaged. 
It was not always possible to run these tests at the current 
.indus try standard of 25 mph. . It was found, on · many window 
-and door openings, the leakage was so severe that o~tairiing 
a pressure equivalent to 25 mph (p=0.30 in. of water or 
1.56 PSF) was not possible. Since the average wind in the 
United States is approximately 10 ·mph, ·this is not critical. 
Tester installation to obtain positive and negative leakage 
rates is illustrat~d in Figures 1 and 2, pages 15 and 17·. 
:Leakage of a window sash or door frame is tested by 
~taping the polyethylene sheet around the outside of the 
fr~me in a manner that will allow air to pass into or out 
of the operating sash perimeter only. 
Procedure 
1. Remove all loose articles around the window or 
_plastic 
blower 
'Figure 2 
VACUUM 
:Inside Outside 
leakage 
sites 
window 
leakage 
sites 
wall 
sectio_n 
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•' 
~door, if there are any. 
2. The window or door selected for the test should 
be in a normally closed position. 
18 
3. Cut the polyethylene sheet to the approximate size 
of the window or door opening~ The sheet should 
extend approximately 2 inches beyond the opening 
for a test of the window or door and its instal- . 
lation or onto the frame only for a test of 
operating sas h only or as individual conditions 
require. 
4. Temporarily hold sheet in position with short 
pieces of tape. 
5. Apply two or three continuous layers of tape 
across the top of the sheet and half way down each 
side. 
6. To mount the plastic orifice plate, punch holes for 
·mounting screws, air supply, and pressure tap at a 
-convenient height. Remove the circular material 
cut out for air supply. Any plastic or other loose 
-debris in the chamber area will be pulled into the 
test equipment and will result in fals~ readings, 
.or cause damage ·to the equipment. 
7. Install orifice plate by _ sandwiching polyethylene 
between each plate of the assembly with hose fit-
tings toward room side of the chamber. Secure with 
four screws provided • . 
8. Inspect window or door and chamber. Plastic sheet 
must not seal or span any cracks to be measured 
for leakage when negative pressure is created in 
chamber. This is not usually a problem when plas-
tic can be placed away from window or door. If 
the plastic is close to window or door due to 
installation limitations, it can be held away by 
-taping cardboard tubes or wads of paper between 
the window or door and the plastic so there will 
not be a false reading.~ 
9. Apply continuous layers of tape on remaining un-
·sealed chamber perimeter. 
10. Place the air-test unit which contains flow meters 
and inclined manometer on flat and stable surface. 
•' 
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11. Make air supply connections from air blower to the 
air tes·t unit and the chamber. (See Figure 1, 
page 15.) 
12. Make pressure tap connection (manometer tube) to 
chamber orifice plates. Make sure the manometer 
is balanced. 
13. Move adjustable sliding scale on manometer to align 
"zero" mark with red gauge oil. Check the valves 
at the top of manometer. If they are closed, turn 
them 1-1/2 to 2 turns counterclockwise. 
~4. Make electrical connection with blower switch in 
the "off" position. 
15. Turn flow meter valve to fully open position. 
-16. ·Turn switch "on". 
17. Slowly rotate valve clockwise toward closed 
position. 
18. Inflate chamber only enoug h to visually determine 
that pressurization has occurred. 
19. Inspect chamber perimeter for air leakage. Apply 
additional tape if leakage is found. 
20. Recheck scale adjustment on. manometer. 
21. Slowly turn the flow meter valve to desired pres-
~ure on manometer. · 
22. When pressure has stabilized, ·read cubic feet of 
air flow indicated at top of pin in flow meter and 
·record BOTH pressure in inches of water and flow 
in SCFH .(standard cubic f ~e t per hour). 
23. Revise ai~ supply and pressure tap lines for 
negative pressure tests. (See Figure 2, page 17) 
• ' 
20 
• ' 
Picture 1 
Picture 2 
SETUP FOR PRESSURIZATION 
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• ' 
Picture 3 
Picture 4 
SETUP FOR VACUUM 
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Picture 5 
Picture 6 
CLOSEUPS OF DEVICE AND FITTINGS 
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DESCRIPTION 0~ TEST HOUSES 
House No. 1 is located in the Brookdale area near the 
_railroad tracks and the Brookings Mall. House No. 2 is 
three blocks southeast of the South Dakota State University 
eampus in a highly-populated residential area. Conse-
~uently, House No. 2 has more protection from the wind than 
House No. 1. Neither house is attached to another building. 
-The following Table 2 gives a detailed description of 
these two houses. 
Table 2 
-DESCRIPTIO:~ OF TEST HOUSES 
----------------~----------------------~-----------------------
P.OUS E i~O. 1 
---TYPE tri- story, 5 room 
with partial basement 
FLOOR AREA 1728 sq. ft.** 
~:t=XTERIOR WALL 
AREA 1273 sq. ft.** 
CONSTR!JCTION insulated wood frame 
.OUTSIDE WALLS 4-ft. masonry extend-
ed above the ground 
leve 1; , the remainder 
is· wood frame 
~NSIDE FINISH plaster 
--wiNDOWS wood doub !.e- hung; 
vertical sliding ~ith 
storm sash 
~ATI~G SYSTEM electric 
HOUSE NO. 2 
single story, 7 room 
with full basement 
2 3 5 7 • 7 5 sq • f t _. * 
1666 sq. ft.* 
insulated wood frame 
1-ft. masonry extend-
ed above ground level; 
the rest is wood 
frame 
plaster 
wood double-hung; 
vertical sliding with 
storm sash; · 
swing out with wood 
frame and storm sash . 
forced warm air, 
No. 2 fuel oil burner 
*calculated from the blueprint of the house 
**calculated by measuring the house 
• ' 
LAYOUT AND DETAILS 
OF 
HOUSE, 1751 ORCBARD DRIVE 
~BROOKINGS, SOUT~ DAKOTA 
. TOTAL FLOOR AREA = 1728 SQ. FT. 
CALCULATION OF HEAT LOSSES 
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TABLE 3 DIMENSIONS AND LOCATIO~~S OF DOORS Ai'JD WI~'DOWS 
ITEM DIMENSIO~ NO. LOCATION 
WINDOWS 3' X 3' 3 . TOP FLOOR ( ~~ORTH) 
3' X 3' 1 TOP FLOOR (WEST) 
3' X 5 1 2 GROUND FLOOR (SOUTH) 
3' X 5' 1 GROUND FLOOR (WEST) 
3' X 4' 1 GROU~D FLOOR (SOUTH) . 
3' X 3 1 4 BASEMENT ( NORTH) 
DOORS 3' X 6 1 8" 1 GROUND FLOOR (SOUTH) 
3' X 6'8" 1 GROUND FLOOR (TO GARAGE) 
FIREPLACE INTERNAL AIR SUPPLY 
Heating 
The house is electrically heated (individual heating 
·elements). The basement is partially carpeted (area carpeted 
is 16' x 24' .), and it is heated. 
Notes 
1. All windows have wooden frames and are double 
hung and we a t ,her proofed. They have storm win-
dows, but are loose fit. The doors are ~verage 
fit. They are made of 1-3/4' wood and do not 
have storm doors • . 
2. The concrete block wails extend up to 3 1 9 11 above 
ground level elevation and surround the basement 
on three external sides. 
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3. Wood panels are installed only on the east side of 
~he basement wall. 
~esign Conditions 
for calculating heat loss in the three story house 
l ocated at 1751 Orchard Drive, Brookings, South Dakota. 
1. Dutdoor Design Conditions 
Temperature (dry bulb) 
Wind Speed = 12 mph 
:Degree-Days = 9515 
2. Inside Design Conditions 
Temperature (dry bulb) :: 68°F 
-Relative Humidity = 30% 
Heat Transfer Coefficients • 
for calculating overall heat transfer coefficients 
~f walls, floors, roof and ceiling, windows and doors. 
I. Walls 
A. Wall Type "A" (Area = · 1054 s·q. ft.) 
Refer to. de tail wall "A", page 26. 
_Construction 
Unit Resistance (1) 
hr-°F-ft2/Btu (R) 
1. outside surface, 12 mph wind 
2. siding, .wood 1/2" 
3~ shea thittg, 1/2" asp halt 
4. insulation, mineral 
fiber 3-l/2" · 
5. gypsum wallboard, 1/2" 
6. · inside surface, still air 
Total Unit Resistance 
0.17 
0.40 
1.32 
11.00 
0.45 
0.68 
14.02 
• ' 
Heat Transfer iCoefficient 
·u = _! = 1 = 0.0713 Btu/hr-°F-ft2 
R 14.02 
Correction for framing (2" x 4" at 16" c!.. ) 
Rs (for stud)= 14.02- 11 · + (3.5 x 1.25) = 
7.40 
U8 = _!__ = 0.135 7.40 
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Uc (corrected) = 0.0713 (14.5) +~35 (1.5) = 
16 
0.0773 
Overall Heat Transfer Coefficient after 
Correction for Framing 
U = 0.0773 Btu/hr-ft2_oF c 
B. Wall Type "B" (Area = 99 sq. ft) 
Cons true tion 
Unit Res~stance (1) 
hr-Ot-ft /Btu (R) 
1. outside surface 0.17 
2. concrete brick, 8" 1.11 
3. air space, 3/4" 0~96 
4. panels, wood 3/8" 0. 34 
5. inside surface, still air 0.68 
Total Unit Resistance 3.26 
U = 0.307 Btu/hr-ft2-°F 
C. Wall Ty_pe "C" (Area = 120 sq. ft.) 
The same as wall type "B", except without 
air space and wood panels. 
Unit Res~stance (1) 
Construction hr-°F-ft /Btu (r) 
1 • . outside surface 12 mph wind 0.17 
2. ·concrete brick, 8" 1.11 
3. inside surface, still air 0.68 
·Total Unit Resistance 1.96 
• ' 
u = 1 = 1 
R 1.96 
U = 0.510 Btu/hr-ft2-°F 
II. Roof - Attic - Ceiling 
A. Ceiling 
Unit ~esistance (1) 
hr-ft -°F/Btu (R) 
B. 
Construction 
1. still air, heat flow upward · 
2. gypsum board, 1/2" 
3. insulation, mineral fiber 
3-1/2" 
4. still air, heat flow upward 
Total Unit Resistance 
u = L = o.o79 
R 
Correction for Joist (RJ) 
RJ = 12.67 - 11 + (6) (1.25) 
UJ = 0.109 
uc = 'o. 07.9 ~ ( 14 ~ + { 0. 109 ~ 
16 
uc = 0.083 Btu/hr~ft2-°F 
.Roof 
= 
{2~ 
9.17 
0.61 
0.45 
11.00 
0.61 
12.67 
Construction 
Unit ~esistance (1) 
hr-ft -O~/Btu (R) 
1. outside surface air, 12 .mph wind 0.17 
2. asphalt shingle roofing 0.44 
3. building paper 0.06 
4 • -p 1 ywo.od , 3/8" 0 • 4 7 
5. inside surface, still air 0.62 
Total Unit Resistance 1.76 
u = 0.568 
-~Correction for rafters (Rr) 
• ' 
R = 1.76 - (6) (1.25) - 9.26 r 
U = 1 = 0.108 r -. R 
uc = (0.568) (14) + 0.108 (2) 
16 
U = 0.510 Btu/hr-ft2-°F c 
31 
C. Overall Resistance for the Roof-Attic-Ceiling 
D. 
Combination (Rcr> 
Ar =1. 044 
Ac 
R = 1 + 
cr 0.083 
1 = 13.926 
0. 510 ( 1. 044) 
Therefore Ucr = 0.072 Btu/hr-ft2_oF 
Overall Beat Transfer Coefficient for Inner 
Wall of Garage 
Area 1 = 35 sq. ft. 
Area 2 = 24 sq. ft. 
Area 3 = 167 sq. ft. 
Overall Heat Transfer Coef~icient Uw 
u = ~773) (35) + (0.307) (24)+{0.0773)(167) 
w 226 
U = 0.101 Bt~/hr-ft2-°F w 
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Garage West Wall 
' I U=O.Sl2 2 A=226 ft 
2 
-Elevation View 
U=O.lOl 2 A=226 ft 
U=0.493 
. . A=l28ft2 
' 
U=O. 512 
A=226 ft2 
U=0.51 2 A=551 ft . 
GARAGE 
=0. 512 
A=70 .f t2 
E. Inside .Temperature of the Garage ( 1) 
~eg1ecting the door between the kitchen and 
the garage and t~e heat loss to the floor, 
the calculated Ri is . 
R~ = 
1. 
1 = 0.044 hr-°F/Btu 
0.101 (226) 
1 
R = UA-
= (0.524) (494) + (0.493) (128) + 0.510 (551) 
= 602 .·97 
R' = 0.0017 hr- 0~/Btu 
0.044 
t = 68 + 0.0017 (-13) = 
u 0.044 
0.0017 
-9.987 °F 
• ' 
III. Windows 
Coefficient of transmission for single sheet 
·glass with storm windows 
u = o. 56 
Correction factor for wood sash, 80% glass = 0.9 
u = (0.56) (0.9) = 0.504 
c 
Uc = 0.504 Btu/hr-ft2-°F 
IV. Doors 
For 1-3/4" wooden door average fit without storm 
.door 
U = 0.46 Btu/hr-ft2-°F 
V. Basement Walls an~ Floor 
-A. Basement t~al1 Type "B" 
1. HVAC Book Method (1) 
R = _! + 0.096 + 0.34 = 6.3 
.2 
u = 0.159 
.Correction for lining 
u = (144) (.159) + 272 (0.2) 
416 
U = 0.189 Btu/hr-ft2_oF 
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where U = 0.2 for the below grade basement 
walls (Table 5-10 HVAC Book) and values of 
0.96 and 0.34 are the R values for the 
3/411 air -space and wa 11 panels, re spec-
tive ly. . 
2. ASHRAE Handbook Method (2) 
DeEth Uninsulated Btulhr-ft-°F 
0-1 ( ls t) 0.410 
1-2 (2nd) 0.222 
2-3 (3rd) 0.155 
3-4 (4th) 0.119 
Total per length of wall 0.906 
• ' 
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Basement Perimeter = 2 (16 + 36) = 104 ft. 
Total wall heat loss = (0.906) (104) = 
94 Btu/hr-OF 
B. Basement ?loor 
1. HVAC Book Method (1) 
Carpeted section 
R* = _!._ + 
0.1 
1 
.48 
= 12.08 
. u = 1 = 1 = o. 083 
c Rc 12. 08. 
*where· u = 0.1 below grade basement 
floor (from Table 5-10 HVAC Book) and 
U = 0.48 for carpeted floor with fiber 
pad 
Uncarpeted section 
U = 0.1 Btu/hr-ft2-°F 
Combined coefficient of transmission for 
both carpeted and uncarpeted sections (Uc) 
u : 0.083 (384) .+ 0.1 (192) = 0.089 
·C : 576 . . 
Carpeted area = 384 sq. ft. 
Uncarpeted area = 192 sq. ft. · 
To ta 1 = 57 6 sq. f t. . 
2. ASHRAE Bandbook Method (2) 
Depth below grade= 4ft., width= 16ft. 
by interpolation from Table 2 of Chapter 
24, u = 0.037 
R = · 1 + ___ 1_ = 29.110 (for carpeted 
o. 037 . 0.48 
section) · 
U = 0.034 (for carpeted section) 
U = 0.037 (for uncarpeted section) 
_Therefore, transmission coefficient for 
basement floor is 
U = 0.034 Btu/hr-ft2-°F 
VI. Calculation of Temperature in Garage (unheated 
space) 
A. External Walls 
35· 
Construction 
Unit of-Resistance (1) 
hr-ft2-°F/Btu (R) 
1. outside surface 12 mph wind 
2. siding, wood 1/2" 
3. plywood, 3/8" 
4. building paper . 
5. inside sprface, still air 
0.17 
0.40 
0.47 
0.06 
0.68 
Tota 1 Un.i t Resistance 1. 78 
Garage is 24 ft. by 22 ft. 
R = 1. 78 
u = 1 = o. 562 
R 
Correction for framing 
u = (0.562) (14.5) + 0.159 (1.5) = 0.524 
. 16 
Therefore, Uc = 0~524 Btu/fr-ft2-°F 
B. · Roof 
the same as house attic roof 
· · 2 o · 
U = 0.510 Btu/hr-ft - ~ 
C. Sliding Garage Door 
Construction 
Unit ~esistance (1) 
. hr-ft -°F/Btu (R) 
1. outside surface, 12 mph wind 
2. plywood, 1/8" 
3. 1-1/4" space 
4. plywood, 1/8" 
5. inside surface, still air 
Total Unit Resistance 
0.17 
0.15 
0.94 
0.15 
0.62 
2.03 
• ' 
U= 1 - = 0.493 Btu/hr-ft2-°F 2.03 
.Since the inside temperature of the garage 
is only 3.013°~ higher than the outdoor 
design temperature, the effect of the 
garage could be neglected as far as the 
transmission is concerned. 
Summary of Heat Losses by Transmission 
Total heat losses by means of transmission for 
House No. 1 are shown in Table 4, page 37. This table 
·summarizes the area, coefficient of transmission, and 
percenta3e heat losses for each component of the house. 
Note that nearly half of the total heat losses by trans~ 
~ission occurs through the exterior walls. The next 
largest area of heat losses by transmission is the roof-
~ttic-ceiling combination. If the R value of the ceiling 
. and walls could be increased to R-38 and R-18 respectively, 
the reduction in hea.t iosses would be substantial. 
. I 
• ' 
Table 4 
SUMMARY OF TRANSMISSION COEFFICIENT 
AND 
HEAT LOSSES FROM HOUSE NO. 1 
Area (A) "U" Btu/hr-ft2_oF 
Heat Loss Btu/hr 
q = UA t 
WINDOWS 129 o. 504 5266 
WALLS 
Type "A" (wooden wall) 1054 ' 0.0773 6599 
Type "B" (masonr) and 99 0.307 2462 
panels 
Type "C" ( ma sp tn;-y) 120 0.510 4957 
ROOF-ATTIC-CEILING 
Ceiling (alone) 11.52 0.083 
Roof (a lone) 1203 0.510 
Combination (roof-attic-
ceiling) •1152 0.072 6718 
DOORS 40 0.46 1490 
or 
BASEMENT 
Floor 576 0.089 1435 
.Walls 416 0.189 2201 
GRAND TOTAL= 31,128 Btu/hr. 
% Heat 
Loss 
17% 
45% 
21.5% 
5.0% 
11.50% 
100% 
NOTE . Assumed outdoor design .conditi6ns of basement floor and walls: temperature 
(dry bulb) = 40°F, wind speed = 0 mph; Assumed outdoor design conditions 
above grade: temperature (dry bulb) = -13°F, wind speed= 12 mph. 
I 
w 
...... 
CALCULATION OF AIR I~~ILTRATION 
Crack Method 
~ormula Pv = 
2
V2 
gc . 
for 12 mph wind, 
P = < 12 < 1. 4 7)) 2 (o. o7 s\ < 12 ) = 0 • 069 7 
v 2 (32.2) 62.4) 
Pv ~ 0.07 in. of water 
-Since house is not pressurized, 
therefore P ~LlP = 0.07 in. of water v 
Theoret:cal Aoproach 
Assume that the windows are weather-stripped and 
loose fit. 
• I 
Q 
3 . = 28 ft /hr.-ft. at ~ P = 0.10 in. of water 
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But at L.lP = 0.07 in. of water, Q = 23.20· ft /br.-ft. 
.Length of cracks of windows (Lc) 
L ( 3' x3' windows) = 7 (2(3+3)+3) = 105 ft. c 
_Lc (3'x5 1 windows) = 2 (2(3+5)+3) = 38 ft. 
Lc ·( 3' x4 1 windot-1) = 1 (2(3+4)+3) ' = 42 ft. 
TOTAL 185 ft. 
(Lc) total- = 185 ft. 
Length of crack of d~or (Lc) 
Lc = 2(3+6.7') = 19.4 ft. 
-ROTE: The tightness ·of the door is equivalent to 
a -poorly fitted double-hung window. . 
•• 3 
~herefore Q = 63.50 ft /hr-ft. at A P = 0.07 in. of 
-water . . 
Q = Q ((Lc)total) 
For windows, Q = (23.20) (185) - 4292 ft 3/hr. 
For door, ~ = (63.50) (19.4) = 1231.90 ft3/hr. 
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Infiltration due to windows and door= 5223.90 ft3/hr. 
Infiltration due to fireplace (SO cfm) = 3000 ft3/hr. 
Total infiltration. = 8223.9 ~ 8224 ft 3/hr. 
Air-Chan~e Method 
Refer to house layout, page 23, for verification of 
~dimensions. 
V = volume (ft3) 
v1 (sleeping rooms, assume 1 air change/hr. = 
8 1 X 16 1 X 36 1 = 4608 ft 3/hr. 
v2 (living room and kitchen, 1 air change/hr.)= 
14 1 X 36 1 X 8 1 = 4032 ftJ/hr. 
v3 (basement,~ air change/hr.)= 
16' X 36' X 7.75' X~= 2232 ftJ/hr. 
Total infiltration (by air change method) = · 
. 10,872 ft3/hr. excluding· fireplace 
Since the house has weather-stripped windows and is 
·newly constructed, the more accurate method in this case 
is the crack method, which is a theoietical calculation and 
will be compared with experimental data. 
Calculatio n of ~eat Losses due to Air Infiltration . 
Sensible Heat ~s = QCo (ti-to) (4) 
Vs 
where, !s = ~ = 0.075 
• ' 
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or, ~s = ~CP <f> (ti-t0 ) = (ft3/hr.) (Btu/lbrn-OF) 
= (lbrn/ft3 ) (°F) 
• 
q
8 
= (8224) (0.24) (0.075) (68-(-13)) 
= 11,990 Btu/hr. 
Total !-Teat Loss in the House (Transmission+ Infil~ion~ · 
Loss due to heat transmission through structure = 
31,128 Btu/hr. 
~Loss due to Infiltration = 11 '99 0 Btu/hr. 
• 
q (total heat loss) - 43,118 Btu/hr. 
~ Calculation of Electric Power Require~ 
This will be calculated using the modified degree 
day procedure. 
F = 24 (DD) q c0c~ 
/l(ti-t0 )H 
.DD = Degree Day = .9515 for the year 1978-79 
• 
qtotal = 43,118 Btu/hr. 
CD = 0.59 
CF = 1.0 for 
rL= 1.0 for 
ti = 68°F 
t 0 = -13°F 
electric heating 
e lee tric heating 
H = 3413 kilowatt-hours 
sys tern 
system 
F = (24) (9515) (43118) (0.59) (1) 
( 1) ( 68+ 13) ( 3413) 
= 21,014.03 
F ~ 21,014 kilowatt-hours 
·( 14) 
• ' 
Savin gs if ~irenlace is Sealed 
In calculating the heat loss due to infiltration 
~xcluding the fireplace, 
q
5 
= 5224 (0.24) (0.075) (81) 
= 7616 Btu/hr • . 
41 · 
qtotal = 31128 + 7616 = 38744 Btu/hr. (transmission and 
infiltration heat loss) . 
Electricity Consumption 
F = ( 2 4 ). ( 9 515) ( 3 8 7 44 ) ( 0 • Sll_ll.:...Ql = 18 , 8 8 2 • 31 
( 1. 0 ) ( 81.) ( 3413 ) 
F = 18,882 kilowatt-hours 
Savings = 21014 - 18882 = 2,132 kilowatt-hours 
-Assuming a cost of $.02 per kilowatt-hour (over 500 
kilowatt-hours), savings = (2132) (0.02) = $42.64/year. 
Experimental Apnroach (Air-Test Unit) 
Using the air-test unit, we continue to measure air 
leakage through windows and doors of House No. 1. Table 5, 
~page 42 shows the flow rate of windows ~nd doors of this 
house at various pressure differences ( AP). By using the 
blower to simulate -wind velocity, we obtained the appro-
-priate D. P to find heat lo-sses by means of air infiltra-
tion. T he experimental approach to finding heat losses 
through infiltration has then been compared with the 
theoretical approach. 
• ' 
42 
Table 5 
Measuring Air Infiltration by Air Te s t Un i t 
(F1owme ter) 
Windows before tao in~. 
Pressurization • ' 
c1p (in. o f H20) SC?4 
0.10 870 
0.085 800 
0.070 700 
o. 070 600 
0.050 500 
Vacuum 
/J.p ~in. of H20} SC~H 
0.07 870 
0.05 775 
0.04 700 
·0. 03 600 
0.02 500 
Windows after the cracks around the · storm windows were taped. 
Pressurization 
·A P ~in. of ~?02 SCFH 
0.13 880 
0.11 800 
0.10 750 
0.090 700 
0.075 600 
0.060 500 
43 
Vacuum 
AP (in. of HzO) SCFH 
0.20 780 
0.17 700 , : 
0.14 600 
0.11 500 
0.10 465 
·Exterior Door. 
Pressurization 
Ap (in. of n2 o~ SCF!:! 
0.10 860 
0.090 800 
0.080 700 
0.070 600 
0.060 500 
Vacuum 
A.p ~in. of_ ~12 0~ SCFH 
0.125 860 
0.100 800 
0.080 700 
·o. o75 600 
o. 050 500 
Calculation of Air Infiltration 
Experimental Approach 
Windows before taping storm windows 
~·p = 0.07 in. of H20 (12 mph wind speed) 
~ = 735 ft3/hr (for one window) 
Lc = total crack length of windows 
Lc = 185 ft. 
Total crack length of the window that was tested: 
L = (2 (3+3)+3) = 15 ft. c 
~ = 735 f43/hr. = 49 ft3/hr.-ft. 
15 ft. 
Q = (49 £t3/hr.) (185 ft.)= 9065 ft 3/hr. 
Exterior Door 
Lc = (2(3+6.7)) = 19.40 ft. 
~ P = 0. 0 7 in. of H2 0 
~ = 590 ft 3/hr. 
,Fireplace 
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When we attempted to measure the air infiltration 
·through the fireplace, there was so ·much flow that it could 
not be accurately measured. Therefore, Q = 3000 CFH ft3/hr. 
-.was assumed. 
i'otal Heat Loss . 
Qtotal = 3000 + 590 + 9065 = 12~655 ft3/hr. 
qinfiltration = QCP (f) (ti-t0 ) (5) 
= (12655) (0.24) (0.075) (68-(-13)) . 
= 18,450 Btu/hr. 
• • • 
qtota1 = .Ginfiltration + qtransmission 
= 18540 + 31128 
qtotal = 49,578 Btu/hr. 
Comparison of Exoerimental and Theoretical Results 
q = 49578 - 43118 = 6,460 Btu/hr. 
When the air tester is used, there is a 6,460 Btu/hr. 
~ncrease in heat loss shown by the calculation. 
Windows when storm window cracks are taoed · 
~ P = 0.07 in. of H20 
Q = 566 ft 3/hr. 
Q1 -= 566 = 37.73 ft 3 /hr.-ft. 
IS 
Q = (37.73) (185) = 6980.05 ft3/hr. 
~total = 6980 + 590 + 3000 = 10,570 ft 3 /hr~ 
• • 
qinf iltra tion = Q(C p) (f) ( ti- to) 
~ (10570) (0~24) (0.075) (68-(-13)) 
= 15,411 Btu/hr • 
• 
Qinfiltration = 18450 - 15411 = 3039 Btu/hr. 
If tape was used ·to seal the storm window cracks, the 
savings would be 3039 ~tu/hr. in heat loss. 
or, F = ( 2 4 ) (9 515 ) ( 3 0 3 9 ) ( 1. 0 ) ( 0 • 59 ) 
(1) (68-(-13)) (3413) 
- 1481.09 kilowatt-hours 
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-At $.02 per kilowatt-hour, the savings would be $29.62 
in a year if tape was used to seal the crack of the storm 
windows only. 
COMPARISO~ o~ ACTUAL VS CALCULATED POWER CONSUMPTIO~ 
The actual power consumption for House No. 1 for the 
year 1979 according to the Brookings Municipal Utilities 
records is as follows: 
Table 6 - Electricity Consumption 
_Date Kilowatt-Hours Used 
January 5330 
February 6200 
March 4930 
April 4460 
May 2160 
June 870 
July 820 
August 900 
September 710 
October 1190 
November 2380 
December 4240 
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To estimate the amount o f electricity consumed for 
purposes other than space heating, the electricity consump-
tion for the months of June, July, August and September 
were averaged because the. house is not air conditioned 
either through a central or a window unit. From this, it 
·may be assumed that the average power consumption for 
lights, water heater, kitchen appliances and other uses 
is about 825 kilowatt-hours per month, or 9,900 kilowatt-
hours per year. Consequently, we may say that the actual 
•' 
47· 
total kilowatt-hours used for space heating during 1979 was 
24,290 kilowatt- hours. 
By using the experimental method, the estimated con-
sumption would be 49,578 Btu/ hr. To convert this to kilo-
~watt-hours the following procedure is used: 
F = (24) (9515) (49578) (l) (0.59) 
(1) (81) (3413) 
F = 24,162.38 kilowatt- hours 
F ~ 24,162 kilowatt- hours 
The difference between t~e experimental figure and the 
actual :-igure then is 24,290- 24,162, or 128 kilowatt-
hours. 
Going back to t~e theoretical calculation, the esti-
;mated consumption is 21,014 kilowatt-hours, a difference 
of 24,290- 21,014, or 3,276 kilowatt-hour·s. 
It is obvious that the experimental data is much 
closer to the actual co~sumption figure than the theoretical 
data. The error for · the theoretical ~esults is 13.56%, 
while the error for the experiment~l data is only 0.53%, 
a very insignificant difference. 
• ' 
_LAYOUT AND DETAILS 
OF 
HOUSE, 660 FACULTY DRIVE 
BROOKINGS, SOUTH DAKOTA 
TOTAL FLOOR AREA= 2357.75 SQ. FT. 
(excluding garage) 
CALCULATION OF HEAT LOSSES 
BY MEA~S 0'? TRANSMISSION 
THROU:}H VARIOUS COMPO~"El\TS OF THIS HOUSE l'O. 2 
. 48 
• ' 
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BASEMENT WALL (TYPE B) 
See note Ql, 
page 5Lf . 
See notes #1 , & 2 
. page 54 
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::"DETAIL SECTION 
• oOF GARAGE WALL 
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Notes 
1. Concrete block walls extend up to two feet above 
~round level elevation 
54 . 
· 2. Wood panels are installed only on the south side of 
the basement wall. 
3. The unheated 2arage wall construction is the same 
as Wall Type ·A ex~ept that it does not have any 
insulation. 
,: 
Table 7 
DIMEt\SIONS A!\1) LOCATIONS o~ DOORS A~1> WINDOWS 
-
. ITEM DIMENS ION NO • LOCATION 
WINDO,.~S 28 11 X 24" 4 ~IRST · l?'LOOR (SOU TI-l) 
24 11 X 18" 2 FIRST F LOOR ( SOUTr-r) 
24 11 X 36 11 4 FIRST FLOOR (WEST) 
28 11 X 24" 1 FIRST FLOOR (WEST) 
44 11 X 37" 1 FIRST FLOOR (WEST) 
24" X 37" 1 FIRST FLOOR (WEST) 
56" X 44 11 1 FIRST FLOOR (WEST) 
58 11 X 50" ~ FIRST FLOOR ( ~;ORTH) 
28 11 X 24" 1 l!IRST FLOOR (NORTH) 
58" X 50" 3 t:'IRST ~LOOR (EAST) 
32" X 24 11 2 FIRST FLOOR (EAST) 
28" X 17" 2 BASEME~'iT (SOUTH) 
28 11 ·x 17" 2 BASEME~T (wC:ST) 
28 11 X 17" 1 BASEME.,T ( ~ORTH) 
GLASS BLOCK 8" X 8" 24 BASEMENT (EAST) 
8" X 8" 20 AROUND EAST DOOR 
DOORS 36" X 80 11 1 FIRST FLOOR (EAST) 
32" X 80" 1 ~IRST FLOOR (WEST) 
FIREPLACE I;{TERNAL AIR SUPPLY 
Desien Conditions 
for calculating heat loss in a house located at 
660 ~aculty Drive in Brookings, South Dakota. 
55 
•' 
1. Outdoor besign Conditions 
Temperature (dry bulb) = -13°F 
Wind Speed = 12 mph 
Degree-Days = 9515 
2. Inside Design Conditions 
Temperature (dry bulb) = 68°ft 
Relative Humidity = 30% 
NOTE: The house is heated by an oil furnace which 
-uses No. 2 fuel oil. 
l-leat Tret_nsfer Coefficients 
For calculating overall heat transfer coefficients 
of walls, floors, ceiling, windows and doors. 
I. Walls 
A. Wall Type "A" (Area= 1558 sq. ft.) 
Refer to detail wall "A" on page 52. 
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. Cons true tion 
Unit Res~starice (1) 
hr-0~-ft /Btu (R) 
1. outside surface, 12 mph wind 
2. siding, 3/4" 
3. shiplap, 1 x 8 
4. 15# felt 
5. 3-1/2" blanket insulation 
6. plaster, 3/4" . 
7. inside surface, still air 
Tota1 ·unit Resistance 
U = .1 = 0.071 Btu/hr-ft2-oF 
R 
0.17 
0.81 
0.79 
0.12 
11.00 
0.47 
0.68 
14.04 
Correction for framing (2" x 4 11 at 16" <t) 
1 1 
RT RT c 
• ' 
Where: At= total area 
Ab = area between studs 
Af = area occupied by studs 
NOTE: The unit thermal resistance of a 
section through . the 2" x 4" stud 
is equal to the total resistance 
less insulation and air gap plus 
the unit resistance of the stud. 
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Construction 
Unit Resistance (1) 
hr-°F-ft2/Btu (R) 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
outside surface, 12 mph wind 
siding , 3 1 4 '' 
shiplap, . 1 x 8 
1511 fe 1 t 
s tud s , 2 11 x 4" ( 1. 2 5 ) ( 3 • 5 ) = 
plaster, 3/4" 
inside surface, still air 
Total Unit Resistance 
Rf = 7.415 = _! 
uf 
uf = 1 - 0.135 Btu/hr-ft
2-°F --
Rf 
u - ,0.071~ ! 14. 5 ~ + ~0.135) c . 12 . 
0.077 Btu/hr-ft -OF 
0.17 
0.81 
0.79 
0.12 
4.375 
0.47 
0.68 
7.415 
~ 1. 5 ~ 
B. ·Wall Type "B" (Area = 16.88 sq. f~.) 
= 
. Con·struction · 
Unit ~e8istance (1) 
hr-ft - F/Btu (R) 
1. outside air, 12 mph wind 
2. concrete, 8" 
3. plywood panels, 3/8" 
4. inside surface, still air 
0.17 
.1.11 
0.47 
0.68 
Total Unlt Resistance 2.43 
1 I 2 o U = = 0.412 .Btu hr-ft- F R 
. ' 
C. Wall Type "C" (Area= 90.94 sq. ft.) 
The - same as wall type "B" except without 
-wood pane 1. 
Construction 
Unit Resistance (1) 
hr-ft2_0f/Btu (R) 
1. outside air, 12 mph wind 0.17 
2. 8" concrete 1.11 
3. inside surface, still air 0.68 
Total Unit Resistance 1.96 
U = 0.510 Btu/hr-ft2- 0 p 
u = (90.94) (0.510) + (16.88) (0.412) 
c 107.81 
- 0.495 Btu/hr-ft2_oF 
II. Garage 
Ae Wall (See note No. 3 on page 54) 
Construction 
Unit ~esistance (1) 
hr-ft -OF/Btu (R) 
1. outside surface, 12 mph wind 
2. siding, 12" by 3/4" 
3. shiplap, 1" x 8" 
4. air space, 3-1/2" 
5. sheet rock, 1/2" 
6. inside surface, still air 
Total Unit Resistance 
B. Door (Area = 15' x 7') 
0.17 
0.81· 
0. 79 
. 1. 01 
0.45 
0.68 
3.91 
Construction 
Unit ~esistance (1) 
hr-ft -°F/Btu (R) 
-Wood thi~kner:"s, 3/4" - 1" 
U = 1 = 0.64 Btu/hr-ft2~°F 
R 
III. Roof-Attic-Ceiling 
A. Ceiling 
1.56 
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( continued) 
Construction 
Unit ~esistance (1) 
hr-ft -OF/Btu (R) 
1. inside surface, still air 
2 • shiplap , 1 x 8 
3. 7" insulation, mineral fiber 
4. plaster base (felt) 
5. plaster, 3/4" 
6. inside surface, still air 
Total Unit Resistance 
U = 0.041 Btu/hr-ft2-°F 
Correction for .Joist (RJ) 
0.61 
0.78 
22.00 
0.06 
0.47 
0.61 
24.53 
RJ = 24.53 - 22 + ( 7. 5) ( 1. 25) = 11.905 
UJ = 0.084 Btu/hr/ft2-°F 
u = ~941) (14.5) + (0.084) (1.5) 
c 16 
= 0.045 Btu/hr-ft2-°F 
R = 1 - 22.22 Btu/hr-ft2-°F 
c Uc -
B. Roof (pitched~ 
Construction 
Unit ~esistance (1) 
hr~ft -OF/Btu (R) 
1 • . outside surfa~e, 12 mph wirid · 0.17 
2. asphalt shingles, roofing 0.44 
. 3 • 15 f} f e 1 t 0 • 12 
4. roof board 0.78 
5. inside surface, still air 0.61 
Total Unit Resistance 2.12 
U = 1 = .0.4 72 Btu/hr-f t 2-oF 
R 
Corr~ction for rafters (R ) 
r 
R = 2.12 + (6 X 1.25) = 9.62 
r 
= (0.472) (14.5) + . (0.104) (1.52 
16 
= 0.438 Btu/hr-ft2_op 
60 
C. Overall Resistance for the roof-attic-ceiling 
Combination 
R - 1 1 1 tot - -u = + ~---
tot 0roof Uceiling 
Uc = _!_ + 0. 045 Btu/hr-f t2- °F 
Rc 
U = 1 = 0.438 Btu/hr-ft2-°F 
r R; 
~2 = Ac2 + .(5/12 Ac)2 
Ar2 = 1.174 Ac_z 
Ar 
- = 1.174 = 
Ac 
Rcr = _.1_ = 
Ucr 
1.084 
1 1 
0.045 + (0.43~) (1.084-) = 
2 . 
Rcr = 24.32 hr-ft - 0~/Btu 
Ucr = 0. 041 Btu/hr-f t 2-°F 
24.32 
D. Roof-Attic-Ceiling of Garage 
1. Ceiling 
Construction 
Unit ~esistance (1) 
hr-ft -°F/Btu (R) 
1. in~ide surface 
2. l/2" sheet rock 
_J. still air 
0.61 
0.45 
. 0.61 
Total Unit Resistance 1.67 
U = ! = 0.599 Btu/hr-ft2-°F 
R 
Correction for Joist (RJl) 
R J l = 1. 6 7 + 6 ( 1. 2 5 ) ::: 9 • 17 0 h r-{t2-°F /B t u 
. ' 
UJ
1 
= 0.109 Btu/hr-ft2_op 
Uc 
1 
. := ( 0 • 59 9 ) ( 14 • 5 ) + ( 0 • 10 9 ) ( 1. 5 ) 
16 
= 0.553 Btu/hr-ft2-°F 
2. Roof 
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The roof construction of the garage is the 
same as that of the main ?art of · the house. 
(See Section B on page 52) . 
Therefore, Total Unit Res~stance = 
2.12 hr-ft -°F/Btu 
U = 1 = 0.472 Btu(hr-ft2_op 
R . 
. Correction for Rafters (Rr1 > 
Rrt- 2.12 + (6 X 1.25) = 9.62 
= 0.104 Btu/hr-ft2_oF 
= ( 0. 4 72) { 14 .. 52 + ( 0. 104) ( 1. 5) 
16 
= 0.438 Btu/hr-ft2-°F 
R =·-L = 1 + 1 crt Ucr
1 
0.553 (0.438) (i.o8~J 
Rcr1 = 3.915 hr-ft2-0F/Btu 
ucrt = 0.255 Btu/hr-ft2~°F 
IV. Floor (Area- 2357.75 sq. ft.) 
Construction 
1. Inside surface 
2. carpet, fibe£ous pad 
3. 15/J felt 
4. 3/4" subf loor 
5. inside surface 
Total Unit Resistance 
U = 1 = 0.229 Btu/hr-ft2 -°F 
R 
Unit ~esistance (1) 
hr-ft -OF/Btu (R) 
0.61 
2.08 
0.12 
·- 0.94 
0.61 
4.36 
. ' 
• ' 
Correction for Joist (RJ
2
) 
R32 = 4.36 + (1.25 x 10) = 16.86 hr-ft
2-°F/Btu 
u
32 
= 0.059 Btu/hr- f t 2-°F 
= .(0.229) (14 .5) + (0.059) (1.5) 
Ucomb. !6 
= 0.213 Btu/hr-ft2_oF 
U = 0.213 Btu/ hr-ft2_o~ c 
V. Windows 
-
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Coefficient of transmission for single sheet glass 
'With storm windows, U = 0.56 Btu/hr-ft2_oF . 
Correction factor f or wood sash, .80% glass = 0.9 
uc = (0.56) (0.9) = 0.504 
Therefore, Uc = 0.504 Btu/hr-ft2-°F 
For east, west, and nort h windows, 
U = 0.504 .Btu/hr-ft2_oF . c 
For south windows, since there is plastic sheet 
over the windows, Up= 1.09 
Therefore, U . = 0.345 Btu/hr-f.t 2-°F for south 
windows c · 
A. Glass Blocks 
UG = 0.56 Btu/hr-ft2-°F 
B. Basement Windows 
U for basement windows, which are single ·glass 
with no st·orrn windows, 
U = 1.13 Btu/hr-ft2-°F 
u = (1/13) (0.9) 
c 
VI. Doors 
- 1.02 Btu/hr-ft2-°F with 80% 
glass, wood sash 
For 1-3/4" wooden door, well fit, with storm door, 
U = 0.27 Btu/hr-ft2- 0~ 
' I 
VII. Basement Walls and ~loor 
A. Basement t~a 11 (Type "B") 
Uw = Uwall = 0.20 Btu/hr-ft2_oF 
U1 = Ulining = 2.13 Btu/hr-ft2-°F 
R = 1 + 1 
c Uw ul 
1 + __!_ = 5.469 hy-ft2-°F/Btu 
0.20 2.13 
U = 0.183 Btu/hr-ft2-°F c 
63 . 
~here U = 0.20 is for the below grade basement 
~alls and the value of U = 2.13 is for the 
lining. 
B. Basement Floor 
U = 0.10 Btu/hr-ft2- 0 r. (for below grade basement 
floor not carpeted) 
Ucr = 0.81 Btu/hr-ft2-°F (for carpet with 
rubber pad) 
Rc = _!__ + _!__ = 0.10 + 0.81 = 11.235 
0.10 0.81 0.081 
. ' 2 0 
Uc = 0.089 Btu/hr-ft - F 
Carpeted area, Ac = 985 sq~ ft. 
Uncarpeted area, Auc ~ 1372.75 sq. ft. 
, TOTAL AREA= . 2357.75 sq. ft. 
ucm = (985~ (0.089) + (0.1) (1372.752 
.2357.75 
U - 0. ·095 ~tu/hr-ft2-°F em-
VIII. Calculation of Temperature in Garage (unheated 
space) . 
U(garage walls unheated) = 1 = 0.256 Btu/hr-ft2-
3.91 OF 
U(garage door) = _1 ___ = 0.641 Btu/hr-ft2_oF 
1.56 
• ' 
U(roof & ceiling combination of garage) = 
0.255 Btu/hr-ft2-°F 
U(of interior wall, heated) = 0.071 Btu/hr-ft2-°F 
A. Overall Heat Transfer Coefficient for Inner 
Wall of Garage 
u w 
= (0.641) (105) + (0.256) (452.625} 
577.625 
= 0.328 Btu/hr-ft2_op 
64 
-where 105 sq. ft is the area of the garage door 
452.625 sq. ft. is the area of unheated walls 
t 1 = 68°F (inside temperature) 
t 0 = -13°F (outside temperatue) 
The temperature in the unheated space may be 
estimated as follows, assuming steady state 
heat transfer: (1) 
( 15) 
R' I R' 1 1 -where = R· + = + 
~ 0 U· A· UOAO l. ~ 
(.16) 
ti = inside temperature OF 
. . 0 
t
0 
= outside temperature F 
tu = unheated temperature °F 
R' ·= inside and outside heat resistance 
A = area 
' ~0 = 
all the surfaces through which heat is 
lost to the unheated space 
all surfaces through which heat is lost 
from the unheated space 
The heat transferred from the heated to the 
unheated room has a single path, neglecting the 
door, and may be represented as: 
t ! 
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. . 
. q = U·A· (t.-t ) 
1 1. ~ u ( 17) 
The heat transferred from the unheated room to 
the outdoor air has parallel paths through the 
ceiling and walls (neglecting the door and 
floor) 
• 
q = UcAc (tu-to) + UoAo '(tu-to) ( 18) 
The heat loss to the floor can be neglected 
because of the anticipated low temperature in 
the o-araoe 0 0 
Equation (18) may be written: 
q = ( tu - t 0 ) + ( tu - t 0 ) = _(_tu--.,_t..M0 _) 
where 
R' = c 
1 
RT 
1 
R' 
c 
= 
UCAC 
R' 
1 + 1 
~ R' c 0 
R' = 1 
' 0 UoAo 
By combining equations (17) and (18), we 
obtain 
t t . t - t i- . u= u o 
R· R
1 
1. 
· and solving for t : 
u 
( 19) 
'(20) 
(21) 
(22) 
~--~~~--1~----~~~ = 0.031 
(0 •. 071) (30 + 23.25) (8.5) 
i· = UCAC + UOAO = (0.255) (30) (23.25) + 
(0.328) (30 + 23.25) (8.5) = 326.324 
' ! 
I 
R = 0.0031 hr-°F/Btu 
Then from equation (22) 
tu = 68 + (0.031/0.0031) (-13) = _5•6364 
1 + (0.031/0.0031) 
tu = -5.6364 °F. 
t = inside temperature of garage_ 
u 
This figure will be used as the outside · 
design temperature when calculating the 
heat loss for that portion of the west 
-wall in common with the garage. 
_Summary :>f Beat Losses by Transmission 
Total heat losses by means of transmission for 
House No. 2 is shown in Table 8, page 67. This table 
summarizes the area, coefficient of transmission, and 
percentage of heat losses for each component. 
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Table 8 
SUMMARY OF HEAT TRANSMISSION COEFFICIENT 
A~ 
HEAT LOSSES FROM THE BUILDING 
Area
2 
~A) "U" 
B tu/hr- f l: ~- °F 
Heat Loss B tu/nr ·% Heat 
Item ( f t ) q = UA t Loss 
WINDOWS 
First Floor 24.67 0.345 689.40 16.28 
180.69 0.504 7376.49 
Basement 16.53 1.02 1315.13 2.65 
I 
FLOORS 
First Floor 2-357.75 0.213 1506.60 3.04 
Basement '2357.75 o. 095 5599.66 11.30 
carpeted · 985.0 
uncarpeted 1372.75 
CEILING 2357.75 o. 041 7830.088 15.81 
DOORS 37.782 0.270 826.30 1.67 
WALLS 
exterior, 1st floor, Type A 1558.0 0.077 9717.25 . -19.62 
common with garage, Type A 250.0 0.071 1307.046 2 .64 :. 
basement above grade, Type B 107.81 0.495 4162.544 8.40 
ba~ement below grade, Type C 1822.50 . 0.183 8338.0 16.83 
GLASS BLOCK 
I first floor 8.889 0.56 403_.205 0.81 
basement 10.67 0.56 466.066 0.94 
GRAND TOTAL 49,537.779 100% 
- -
NOTE Assumed outdoor design conditions· of basement rloor and walls: temperature 
(dry bulb)= 40°F, wind speed = 0 mph; Assumed outdoor design conditions 
above grade: temperature (dry bulb) = -130F, wind speed - 12 mph 
I 
0\ ....... 
CALCULATION OF AIR I~~ILTRATION 
Crac-k Method 
formula P = . v2 
v 2gc 
for 12 mph wind, 
p = (12 (1.47)) 2 
v 2 ( 32.2) 
.6P = 0. 9 P v 
0• 075 (12) = 0.0697 
62.4 
~p = (0.9) (0.0697) = 0.062 in. of water 
TheoretL,al Anoroach 
68 
(8) 
1. North windows, main floor. Assume the windows are 
average fit and not weather stripped. 
•• 3 
Q = 27 ft /hr.-ft. · at ~ P = 0.10 in. of water 
• • "3 
At 6P = 0.062 in. of water, Q = 20.92 ft /hr.-ft • 
. Length of cracks of north windows (Lc) 
L c 
L 
c 
• 
Q 
• 
Q 
= 
= 
= 
= 
(2(58"+50")+2(50)) + (2(28 1~+24")+24 11 ) . 
37 ft. crack of north windows 
Q' (Lc) 
60 
(Z0.9 2 ) (3 7 ~ ·= 12.90 Cfm 
60 
2. South windows, main floor. Assume the windows are 
.weather stripped and loose fit. 
•• 3 
Q = 2 8 f t I hr. ft. at A P = 0. 10 in. of wa te r 
• ' 3 At AP = 0.062 in. of water, Q = 21.92 ft /hr.-ft. 
Length of cracks of south windows (L~) 
:t ! 
L · = 4(2(28"+24" )+24") + 2(2(24,.+18" )+18") 
c 
L : ' 59.67 ft. crack of south windows 
c 
• Q = Q (Lc) 
60 
~ = (21.92) (59.67~ = 21.80 Cfm 
60 
3. West windows, main floor. Assume .the windows are 
·Weather stripped and loose fit. 
•• 3 
Q = 2 8 f t I hr. - f t • at ~ P = 0. 10 in. of · wa te r 
At ~P = 0.062 in. of water, Q1 = 21,92 ft3/hr.-ft. 
Length of cracks of east windows (Lc) 
L = 3(2(58"+50")+2(50")) + 2(2(32"+24 11 )+24 11 ) + c 
(2(48"+38")) 
L = 116 ft. 
c 
• I . Q (Lc) Q = .. 
60 . 
~21.922 ~ 116 ~ Q = 
60 
- 42.38 Cfm 
4. Exterior doors (east and west)~ Assume the doors 
are not weather stripped and loose fit. 
• I 3 , 
Q = 77 ft /hr.-ft. at ~P = 0.10 in. of water 
•• 3 
At A P = 0.062 in. of. water, Q = 59.90 ft /hr.-ft. 
~ength of cracks of exterior doors (Lc) 
L = (2(3'+6.67')) + (2(2~67'+6.67' )) 
c 
L = 38 ft. 
c 
• Q = Q (Lc) 
60 
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· ~ = . < 59 · 9 ~~ ( 3B) ·= 37.94 Cfm 
5. Basement windows. Assume the windows are not 
weather stripped and are loose fit. 
• ' 3 Q = 77 ft /hr.-ft. at~ P = 0.10 in. of water 
• ' 3 At A P = 0.062 in. of water, Q = 59.90 ft /hr.-ft 
· Length of cracks of basement windows (Lc) 
Lc = 5(2(28"+17")) 
Lc - 37.50 ft. 
. ' Q = Q (Lc) 
60 
Q = {59.90) (37.50) = 37.44 Cfm 
60 
6. TOTAL . 
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Qtotal, main floor= 12.90+21.80+37.87+42.38+37.94 
= 152.89 Cfm 
Q - (152.89 ft3/min.) 60 min. 
total - 1 hr. 
= 9173.40 ft 3/hr. 
Heat Loss due to InfiLtration 
1. Main Floor-
formula . . 
q = ~P (ti-to) (3A) 
• QC 
q = ~ (ti-to) (4A) 
• .vo 
q = Q (f) (CP) ( ti- to) (SA) 
where: 
cp =specific heat .capacity of the air, 
Btu/lbm-°F 
v0 = specific volume of outdoor air, ftJ/lbrn 
t 0 = temperature of outdoor air, °F 
ti = temperature of room, °F 
J: = .L = 0. 075 lbm/f t3 
vo 
Cp = o.24 Btu/lbm-°F 
• 
Therefore, qinfiltration = (9173.40)(0.24)(0.075) 
(68-(-13)) 
• 
qinfiltration = 13374.81 
• 
qinfiltration, main floor ~ 13,375 Btu/hr. 
2. Basement Windows and Fireplace 
• 
Q = 37.44 Cfm for basement windows . 
Q = 50.00 Cfm for basement fireplace . 
Qtotal, basement = 37.44 + 50 + 87.44 Cfm 
• 
Qtotal, basement = (87.44 ft3/min) 60 min. 
1 hr. 
= 5246.40 ft3/hr. 
ti = 65°F for basement 
• . 
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qbasement windows and firepla~e = Q (f) (Cp) ( ti- to) 
• 
qbasement windows and fireplace = (5246.4) (0.075) 
(0.24) (65+13) 
= 7366 Btu/hr. 
3. TOTAL 
qmain floor & basement= 13375+7366 = 20.741 Btu/hr. 
Heat Loss due to Transmission and Air Infiltration 
qtotal = 49,538 + 20,741 = 70,279 Btu/hr. 
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Using modified degree day procedure 
l"" = 24 DD. q 
fl ( ti- to )H 
( 14) 
DO= Degree Day= 9515 {year 1978-79) 
• 
q = 70,279 Btu/hr. total heat loss 
fL= 70 percent for oil furnace 
ti = 68°F 
To = -13°P 
CD = 0.59 
CF = 1.36 
H = 140,000 .Btu/gal. of No. 2 fuel oil 
Therefore, F = (Z4)(9515)(70Z79) {0.59){1.36) 
(0.7)(68+13)(140.000) 
F = 1622.28 ~1622 gal. of fuel per 
year 
Exoerimental Aporoach (Air-Test Unit) 
Using the air-test unit, we have measured the air 
leakage through windows and doors of House ~'~o. 2. Table 9, 
page 73, shows the flow rate of windows and doors of this 
house at various press.ure differences ( AP). By using the 
blower to simulate ~ind velocity, we obtained the appro-
-priate A P to find heat losses by means of air infiltration. 
t I 
Table 9 
Measuring Air Infiltration by Air Test Unit 
(Flow me te r) 
West window without storm window 
73 
Press'-lrization · · 
/l P (in. of H2 0) SCFH 
0.075 400 
0.100 500 
0.120 600 
0.150 700 
0.185 800 
Vacuum 
11 P ( in • of ~-lz 0 ) S CFH 
0.085 400 
0.115 500 
0.145 600 
0.180 700 
0.22 800 
West windo\\7 with storm window installed 
Pressurizatio n 
-L1P (in. of 1120) SCFH 
. 0.190 800 
0.155 700 
0.125 600 
0.100 500 
0.080 . 400 
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Vacuum 
h.P (in. of ~zO) SCFH 
0.220 800 
0.180 · 700 
0.145 600 
0.120 500 
o. 090 400 
West door with storm door. 
Pressurizatio n 
{lp (in~ of l-lzO) SCFH -
0.220 860 
0.195 800 
0.160 700 
0.125 600 
0.100 500 
0.080 400 
Vac uum* 
~p (in. .of HzO) SCFH 
0.270 860 
0.250 800 
0.200 700 
0-.150 600 
0.120 500 
0.085 400 
*These readings are false because the plastic orifice 
plate was too close to the door. So only the pressurization 
data were used to obtain air inf-iltration t n~ough the cracks 
of west door. 
75 ' 
South window. 
Pressurization 
6.p {in. of H20~ SCFH 
0.180 840 
0.175 800 . ' 
0.150 700 
0.120 600 
0.100 500 
0.080 400 
Vacuum 
~p (in • . of H2o) SCFH 
0.195 '860 
0.170 800 
0.150 700 
0.120 600 
0.100 500 
0.070 400 
East window. 
Pressurization 
f).p · (in. of H20) SCFH 
0.125 840 
0 •. 115 BOO 
0~100 700 
0.065 600 
0.060 500 
0.045 400 
' "' """;·. 
75 . 
South window. 
Pressurization 
~p {in. of HzO~ SCFH 
0.180 840 
0.175 800 t ' 
0.150 700 
0.120 600 
0.100 500 
0.080 400 
Vacuum 
~p (in. of H2o) SCFH 
0.195 860 
0.170 800 -
0.150 700 
0.120 600 
0.100 500 
0.070 400 
East window. 
Pre ssuriza t.ion 
f),.p · (in. of HzO) SCFH 
0.125 840 
0 •. 115 800 
.0 100 700 
0.065 600 
0.060 500 
0.045 400 
_ _ , '""-:, 
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Vacuum 
/lP (in. of H20) SCF!-I 
0.24 0 840 
' ! 
0.230 800 
0.195 700 
0.150 600 
0.100 500 
o. 080 400 
Garage door. 
Pressurization 
6.P (in. of H20) SCFH 
0.080 840 
0.080 800 
0.070 700 
0.060 600 
Vacuum 
AP (in. of H
2
o) SCFH 
0.140 840 
0.130 800 
·o .• 11o 700 
o. 080 600 
0.065 500 
Experimental Approach 
East windows, main floor 
At ~ P = 0.062 in. of water, Q = 315 CFH with 12 mph 
wind. 
Length of cracks of the window tested by air tester 
' (Lc ) 
L' = (2(58"+50")+2(50")) 
c 
L' = 26.33 ft. 
c 
L 
c 
315 
26.33 
total 
= 11.96 ft 3/hr.-ft. 
= 116 ft. 
• 3 
Q = (11.96 ft /hr.-ft.) (116ft.) 
~ = 1387.3~ ft 3/hr. 
South windows, main floor 
At 6.P = 0.062 ·in. of water, Q = 342.3 CFH with 
12 mph wind. 
L
1 = (2(28"+24 11 )+24 11 ) c 
L~ = 1 0 ~ 6 7 f t • 
Q = 342.3 = 32.08 ft3/hr.-ft. to. 67 · . 
Lc total = 59.67 ft. 
Q = (32.08 ft 3/hr.-ft) (59.67 ft.) 
• 3 
Q = 1914.21 ft /hr. 
77 
•' 
West and north windows, main floor . 
. At AP = 0.062 in. of water, Q = 308.35 CFH with 
12 ·mph wind. 
L' = (2(44"+37")+2(44")) 
c 
L' = 20.83 ft. c 
~· = 308.35 = 14.80 ft3/hr.-ft. 
20.83 
Lc total = 103.67 + 37.50 
Lc to ta 1 = 141. 17 f t. 
Q = (14.08 ft3/hr.-ft.) (141.17 ft.) 
Q = 1987.67 ft 3/hr. 
West door 
• 
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At ~P = 0.062 in. of water, Q = 382.5 CFH with 12 mph 
wind. 
L
1 = 2(2.6 1 +6.67') c 
L' = 1~.68 ft. c 
..:.• 382.5 20;48 Q = 18.t>S = . 
3 ft /hr.-ft. 
Therefore, Q = 382.5 .£t3 /hr • 
East door 
At A P = 0. 06 2 in. of water, q = 24 5 CFH w i t h 12 . mph 
wind. 
L~ = Lc = 2 ( 3. 0 • +6. 6 7 1 ) = 19. 34 ft. 
• ' 
= 245 = 12.67 ft 3 /hr.-ft. 
19.34 
• 3 
Therefore, Q ·= 245 ft / hr. 
Basement windo~1s 
..!. 3 
Q = 35 ft /hr.-ft. 
L = 37.50 ft. c . 3 
4 =(35ft /hr.-ft.) (37.50 ft.) 
Q = 1312.50 ft3/hr. 
Firep~ace 
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Since the maximum CFH by the vacuum cleaner is 900 CFH, 
and the flow through the fireplace exceeded this, the air 
infiltration through the fireplace was assumed to be 
1900 CFH. 
Q = 1900 ft3/hr. 
Calcula tion of To tal . 
• 
Qtotal (main floor) = 1387.36 + 1914.21 + 1987.67 
+ 382.5 + 245 
• 3 . 
Qtotal (main floor)= 5916.74 ft /hr. 
Q•b t = 1312.5 + 1900 = 3212.50 ft3/hr. asemen · · · 
Heat loss due to air infiltration of main floor through 
windows and doors: 
• 0 
qinfiltration of main floor= Q (C ) (f) (ti-t0 ) ' p 
• 
qinfiltration of main floor= (5916.74) (0.24) (0.075) 
(68 + 13) 
= 8626.61 Btu/hr. 
• ! 
0 • 
qinfiltration of basement = (3212.50) (0.24) (0.075) 
(68 + 13) 
= 4510.35 Btu/hr. 
qinfiltration (total) = 8626.61 + 4510.35 = 
13,136.96 Btu/hr. 
Total Heat Loss (transmission and infiltration): 
• 
qtotal = 49538 + 13136.96 = 62,674.96 Btu/hr • 
. 
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F = ,24) (q) (DD) (CD) (CF) 
IA(t.-t) H 
( 14) 
fC.. ~ 0 
DD = 9515 
• 
q = 62,675 Btu/hr. 
CD = 0.59 
CF = 1.36 
IZ= 70% 
t. = 68°F 
1. 
t 0 = -13°F 
H = 140,000 Btu/gal. ·of . No. 2. fuel oil 
F = (24) (9515) (62675) (0.59) (1.36) 
( o. 7') { 6 8+ 13 ) ( 14 o, o o o ) 
F = 1446.75 gallons n~eded to heat the house. 
'The residents of the . house used 1435 gallons of fuel oil 
during the 1978-79 winter. 
Existin~ furnace 
Type: Waterbury 
Model: XYB4 
• ! 
Serial No. 366 
Capacity (rate)= 1.35 gal./hr. 
Fuel: No. 2 Fuel Oil 
Input = 151,000 Btu/hr. 
Output= (0.7) (151,000) = 105,700 Btu/hr. 
Oversizing = (105700 - 62675) 100 = 68 • 65ic 
62675 . 
0 
Oversizing ~ 69% 
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Beatin2 System Required According to Calculated Heat Losses 
Input= 62675 = 89,535.71 Btu/hr. 
0.70 
A furnace with 120,000 Btu/hr. input and 70% efficiency 
would be the appropriate size for the heating load in 
this house. 
. ' 
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Table 10 
' I 
Fuel Oil Consumption 
of House at 660 Faculty Drive 
lliill. Fuel Oil ~gallons~ 
2-6-78 305 
3-22-78 281 
11-10-78 223 
12-26-78 314 
2-2-79 381 
3-1-79 236 
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COMPARISON 0~ ~EOR~TICAL A!ID EXPERIME~lTAL METHODS OF 
CALCULATING ~EAT LOSSES DUE TO Ih7ILTRATION FOR TEST HOUSES 
.Now that we have completed our calculations, we can 
compare the results. Since in this case the heat losses due 
to transmission are calculated only by using the theoretical 
method, it remains a constant. Because the results of the 
calculations of heat losses due to infiltration using the 
-theoretical method and the experimental (air test unit) 
method differ, these are the variables we will consider. 
~n order to compare the accuracy of these results with the 
actual energy consumption, though, we must consider total 
heat losses due to transmission and infiltration. 
As we can see from Table 11, page 84, in the case of 
House No. 1 the theoretical method predicted fewer Btu/ 
hour heat losses due . to infiltration than the experimental 
method. But when ehe total heat losses are c6mp~red to the 
actual heat losses which were determined by converting the 
theoretical and experimental estimate~ to kilowatt-hours, 
it was found that the experimental method was much closer 
to the actual energy consumption. 
For House No. 2, t~~ theoretical method -predicted more 
Btu/hour heat losses due to infiltration than the experi-
me·ntal method. But when converting the predictions to fuel 
oil consumption figures, it was also found that the experi-
mental method was more accurate. 
. ' 
Table 11 
COMPARISON OF RESULTS FROM TEST HOUSES 
To. tal Heat Loss Heat Loss 
Method House 'due to Infiltration due to 
and Transmission Infiltration 
(Btu/hr) (Btu/hr) 
The ore tic a 1 No. 1 4 3,118 11,990 
No. 2 70,279 20,741 
Experimental No. 1 49,578 18,450 
No. 2 62~675 13,137 
Ac tua1 No. 1 49,840 
No. 2 62,166 . 
Percentage of 
To ta 1 Heat Loss 
attributed to 
Infiltration 
2 7. 81% 
29.51% 
37.21% 
20.96% 
Error 
in 
Methods 
13.56% 
13.03% 
0.53% 
0.82% 
oo · 
~ 
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SAMPLE STATISTICAL CALCULATIONS OF DATA RELIABILITY 
With the use of statistics, the experimental data 
gathered can be fitted into a relationship called a regres-
sion equation. After the regression equation is obtained 
for one set of experimental data, we can find confidence 
limits about the regression equation and test its slope 
against existing data. This procedure helps us decide 
(1) how useful the equations found in future related 
:~analyses, and 
(2) determines how much of the data is explained by 
the equations. 
First, we will use a set of data gathered from one 
window in the analysis. The procedure will b~ the same 
for other sets of data. Let us choose data from House No. 2 
for the west window without storm window installed. 
To have proper units, Ll" P, measured in in.ches of 
water, should be ·multiplied by 5.202 to.convert it to 
pounds per square foot ( 1 inch of water ( 6 P) = 5. 202 lb/ 
f t 2 ). 
f1 P ( 1 b L.f!22 - Q 1 ( c f m If t ) 
0.4162 0.3201 
0.5592 0.4001 
0.6893 0.4801 
0.8583 0.5601 
1.0534 0.6401 
Empirical Equation 
Q1 = C (AP)N 
• I 
log ( Q ) = log C + N log ( D. P) 
1oe (AP) 
-1.0969 
- o. 2524 
-0.1616 
-0.0664 
0.0226 
. . ' 
. loQ: (Q ) . 
-0.4947 
-0.3978 
-0.3187 
-0.2517 
-0.1938 
(23) 
(24) 
. ' 
• 
let log -(Q' ) = y i 
log (aP) =xi 
.log C = a 
N = b 
""' y = a + bx 
n = 5 
~X. = -0.8385 
l. 
~X·Y· = 0.3526 l. 1 . 
5"'-x2i = 0.2397 
~ ~7 i = - 1. 6 56 7 
2Y2 i = 0.6055 
X= -0.1677 
y = -0.3313 
S = ~ .. x2 . - ( ~ xi )2 
XX 1 n 
sxx = 0.2397 - (-0.8385)2 = 0.0991 
5 
Syy =ly2i - {~ Yi)2 
_n 
2 
Syy = 0.6055 = {-1.~567) = 0.0566 
s =zx. Y .. - < E xi) < E Y i) xy 1 1 n 
Sxy = 0.3526 (-0.8385)5(-1.6567) - 0.0748 
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b = ~xy · (25) 
XX 
b = ·o.o748 = o.7548 
0.0991 
a = y - bx 
a= -0.3313- (0.7556) (-0.1677) = -0.2047 
87 
.  ' 
log (Q ) = log C + N log ( t1 P) 
·" y = a + bx 
a= log C = -0.204 7 c = 0.6242 
b = N = 0.7548 
/\ 
y = -0.2047 + 0.7548x (26) 
. ' (LiP) a. 7548 or Q = 0.6242 (27) 
For finding 95% confidence limits for the mean value 
of Y/x atP,y/x0 = -1.0969 and /ly/x0 = 0.6936, we apply 
general expression of · 
Yo - t o.../2 s J~ + (xo-X)2 (ftY/xo < Yo + t vi lz S 
5xx 
for x = -0.3807 
0 
;0 = -0.2047 + 0.7548 (-0.3807) = -0.4921 
We know x = -0.1677, . Sxx = -.0991 
(28) 
Then s 2 = Syy-bSxl (29) 
n-2 
0. 0566 - ('0. 7548) ( 0. 0748) 
3 ' 
s = o. 0069 
to. 025 = 3.182 fro.m Table V of Reference 6, page 514 for 
three degrees o~ freedom 
-0.4921 - (3.182) (0.0069) 1 + (-0.3807 + 0.1677)
2 
5 0.0991 
(/fY/x <-0.4921 + (3.182)(o.oo69) J.l + (0.3807 + o.l66n2 
0 s . 0.0991 
. ' 
-0.5099(/fY/x
0 
< -0.4743 l 
For x0 = 0.0226 
y~ = -0.2047 + (0.7548) (0.0226) .= -0.1876 
-0.1876- (3.182) (0.0069) j 1 + (0.0226 + 0.1677)2 
~ 0.0991 . 
()IY!x (-0.1876 + (3.182)(0.0069)J 1 + (0.0226 + 0.1677)
2 
0 5 0.0991 
For x = -0.1677 
0 
-0.2041()-!Yix.
0 
< -0.1711 j 
y
0 
= -0.2047 + 0.7548 (-0.1677) = -0.3313 
-0.3313- (3.182) (0.0069) '1 + (-0.1677 + 0.1677) 2 
~ 5 0. 099.1 
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/ lJ Y I xo< -0 • 3 313 + ( 3 • 18 2 ) ( 0. 0 0 6 9 ) . 1 + ( - 0 • 16 7 7 + . 0 .:.16 7 7 }_ 2 
)/' . · ~ 5 o·. 0991 
-0.3411(/1Yix
0
< -0.3215 
The above three upper and lower values of }IY/x can 
. . . 0 
be used to draw t~e 95% confidence bands for the sample 
regression line. (See Figure 12, page 92) 
Now let's find· a 95% confidence interval for _J3 in the 
regression linej/Y/x =o(+.[fX .(where b is the estimate of.j3 ). 
b- td.f2S <-f3 < b + td.f2S 
J Sxx ~ Sxx 
(30) 
• I 
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0.7548- p.l82) ( 0. 00692 < -P' < 0.7548 ·+ (3.182) (0.0069) 
~ o. 0991 
1,.._-o .-6-8 s_l_<_P_<_._o.-s-24-s\ 
~ 0.0991 
By using the estimated value b in the above calcula- · 
tion, we can find the interval of {3 . Now le t 1 s test the 
~ypothesis. 
H
0
: {J= 0.69 vs. H1 : /J) 0.69 at the 0.01 level of significance 
t(O.Ol) for (n-2=3) is 4.541 
Solution: 
1. H
0
: .(3= 0.69 
2. Hl :_f3 ::> 0. 69 
3. Choose a 0.01 level of significance 
4. Critical region: T > 4.541 
5. Calculations 
t = . b -JJ 0 
S/ ~ Sxx 
t = 0 • .7548' - 0. 69 
0.0069/ ~ o. 0091 
= 2.9564 
(31) 
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and conclude that P, does not differ 
significantly from 0.69. 
Now we check· the correlation coefficient, r, and 
coefficient of determination, r 2 , to see the relationship 
• I 
between y=log(Q ) rate of flow, a.nd x=log( 4 P) the pres- · 
sure difference. 
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(32) 
r = o. 0748 . 
~(0.0991) (0.0566) 
2 
or, r = 0.9975 
= 0.9987 
. • i 
This means that 99.75% of the variation of y=log(Q ) 
has been explained ~y the lLnear regression. There is a 
• I 
good correlation be tween log (Q ) and log ( Ll P). It is 
also true for the linear regressions for the remaining 
data. (See Appendix B for the empirical equations of the 
remaining data) 
' I 
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COMMENTS, CONCLUSIONS, AND RECOMME~~ATIONS 
It is difficult to identify all the leakage openings 
in a ~uilding, but the test results presented in this 
.investigation gave some indication of the air leakage 
characteristics that can be expected through windows and 
doors in residential housing. (The flow coefficients and 
flow exponents that describe the air leakage characteristics 
_of the windows and doors in the two test houses are given in 
Tables 12 and 13, page · 95 ) 
Effectiveness of the Air-Test Unit 
From the calculation and comparison, it was found that 
the air-test unit is a relatively accurate way in which to 
measure the heat losses of a building. Its findings were 
much more accurate than those using the theoretical method. 
In comparison with the actual energy consumption, the 
figures were much closer. the error margin using the experi-
mental roethod involving the air-test un~t in House No. 1 
-was 0. 53% and in House No. 2 was 0. 82%. With the theore-
tical method, the error margin was 13.56% in House No. 1 
:and 13.03% in House No. 2. 
Alternative Me thods 
There are two other methods for measuring air infil-
tration of a building. The first method uses the same 
principle as the air-test unit, but on a larger scale. 
The entire building is pressurized or depressurized. For 
Table 12 
House No. 1 
95 
Flow Coefficient (C) Flow Exponent (N) 
~indo~ before storm 
window was taped 
Window after storm 
window cracks were 
taped 
Exterior doors 
1.68 
1.04 
1.165 
Table 13 
House No. 2 
0.65 
0.74 
0.79 
Flow Coefficient (C) Flow Exponent (N) 
East windows 0.54 
West and north windot-JS 
without storm windows 0.624 
.West and nort:, windows 
with storm windows 0.623 
South window 1.36 
West door ·o. 71 
Table 14 
Classification of ~itting 
Tig-ht 
Average 
Loose 
0.67 
0.75 
0.80 
0.78 
0.74 
Flow Coefficient (C) 
0.54 - 0.624 
o. 71 . 1. 04 
1.165- 1.68 
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this ·method, the device can be installed in any window or 
door opening. An axial fan with the capacity of 1,000 cfm . 
to 6,000 cfm, depending on the size of the building, is 
used. The air is drawn from the interior of the house or 
brought into it by using the axial fan, so that the whole 
house can be inspected for -air leakage • . A manometer is used 
·f~r pressure difference, and the flowmeter works on a scale 
of 0 to 6,000 cfm. (See Fig. 13, page 97.) 
The other method is the tracer-dilution method. It 
has been used for a number of years to measure air infil-
tration rates. The tracer-dilution method is a technique 
to measure air infiltration rate. 
This technique entails introducing a small amount of 
tracer gas into a structure and measuri ng the rate of 
change (decay) in tracer concentration. The air-change 
rate can be determin~d from the logarithmic d~cay rate of 
- the tracer concentration with respect to time. 
Helium was one of the first tracer ·gases used, but 
others suc h as ethane and nitrous oxide can also be used. 
Sitice the observa~ion that sulfer hexafluoride (SF 6 ) could 
be de tee ted in nanogram quantities ( 1 x lo- 9 ) by an e lec-
tron-capture gas c~romatograph~ it has been used as a 
me.teorological tracer. More recently, it bas been applied 
to the prediction of smoke movement in fires, and to the 
measurement of air infiltration in buildings. (1) 
(See Fig. 14, page 98) 
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Overall Recommendations 
Double-hung windows have a tendency to leak more than 
glidiryg windows. House No. 1 has all double-hung windows, 
while House No. 2 has double-hung windows on only the south 
side of t ~e building. Comparing the windows in ~ouse ~o. 
2, it was found that, per linear foot of crack, the double-
hung windows on one side of the house have a larger flow 
rate than any of the remaining windows on the other three 
sides .of the house. {Table_ 14, page 95, shows the c lassifi-
cation for windows and doors as far as fit) 
Wheri tested, the leakage was about the same for windows 
with storm windows and for single-glazed and double-glazed 
windows. On further . investigation, it was found that a 
majority of a window's leakage appeared around the frame-
work. There were several instances in which the leakage 
of the window was measured before and after the storm win-
. dow was put on. There was very .little or no change in 
leakag~ values. In most instances, when the window facings 
were adequately caulked, the infiltration rat~ was reduced 
most significantly, approximately 60%. (9) Windows built 
into the structure and -sealed by a gasket or caulked have 
n~gligible infiltration, but the disadvantage is that they 
cannot be opened. 
Frequently-opened doors tend to have larger c~acks and 
will have infiltration rates about three times that of a 
well-fitted door. A well-fitted door is roughly equivalent 
1 I 
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to a poorly-fitted, double-hung wood window. (1) 
Altho ugh the windows and doors are responsible for the 
largest share of air leakage, they are not the only area 
through which air can enter or escape. 
Fireplaces, chimn~ys and flues can increase infiltra-
tion dramat ically. When attempting to measure the infil-
tration rate throu~h the fireplace of the two test houses, 
the air flow was too large for the air test unit to operate 
efficiently. Even thoug h the dampers and glass screens were 
closed, no readings could be obtained. 
In terms of heat loss, at the present time fireplaces 
are the most expensive luxury found in t he home if the fire-
place is not properly designed. There are several design 
features which can be incorporated into a fireplace which 
·will increase its beating efficiency and reduce infiltration 
losses. 
One method is that every fireplace should have combus-
tion air introduced directly into ·the hearth from the exte-
rior 6f the home. ~igure 15, page 101, shows two methods of 
introducing outside air. This reduces the infiltration 
normally caused by the fireplace as a result of getting its 
combustion air fro~ insid~ a conditioned space. 
Circulating fans moving ~ir through shell heat ex-
changers may be used to draw heat from the inner walls of 
the firebox and exhaust it into the room area. This will 
increase the heating efficiency of a fireplace. 
I I 
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Figure 15 
Fireplace combustion air dampers (Use option A or B. Either 
option should be covered with a glass screen.) 
.. 
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· Most fi-replace dampers are loosely fitted, thus 
allowing infiltration and leakage when the fireplace is not 
in use. There are chimney dampers which can be located on 
the top of the chimney and glued in place. This will reduce 
the air leakage to one-half that of the typical cast iron 
fireplace damper. {9) 
A glass screen should be used as well as a chimeny 
damper, and both should be closed when the fireplace is not 
in use. For all prac·tical purposes, this limits the amount 
of air which escapes and enters the home during the periods 
of nonuse. When incorporated with the techniques mentioned 
previously, maximum efficiency of the fireplace can be 
obtained. 
Some leakage will also occur through the bottom plate 
or baseboard of exterior walls. These should be sealed 
with caulking compo~nd. 
Electrical wall outlet openings are also a source of 
air infiltration. This leakage problem can be eliminated 
by caulking the ho~es or installing a gasket. 
Other areas- of leakage are the dryer exhaust vent, the 
bathroom fan vent and· air .ducts. The exhau~t vent dampers 
must be open whenever the equipment is energized, but should 
stay closed when the equipment is not in use. 
. ' 
1. 
2. 
3. 
4. 
s. 
6. 
7. 
8. 
9. 
10. 
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APPENDIX A ( 5) 
PRESSURE DROP AND tLOW CHARACTERISTICS 
OF SHORT CAPILLARY TUBES AT LO~v REYNOLDS NUMBERS 
The pressure drop and flow characteristics of short 
capillary tubes have been investigated experimentally for 
length-to-diameter ratios varying from 0.45 to 18 at dia-
m~ter Reynolds numbers ranging from 8 to 1500. It was found 
• 
·that the flow rate Q through a short capillary tube can be 
related empirically to the overall pressure drop ~P raised 
to a power N. The exponent N is a function of the length-
to-diameter ratio L/D varying from 0.5 when L/D is equal to 
0.45 to 0.91 when L/D is equal to 18. 
The results of this study have several applications, 
one of which is simulating - flow through screens, doors, 
cracks and fissures in small-scale model testing of buildings 
in atmospheric wind :tunnels. 
The pressure drop of an incompressible fluid flowing 
through a duct or an orifice as a function of velocity by a 
~elation of the ty~e: 
Ap 47 '- L 7 = :r:APP D ( z;:) ~ constant ( ~2) K 
where the exponent K in Equation lA depends upon the 
flow system. For some common flow systems Equation lA 
yields the following relatioris between pressure loss and 
velocity. 
( lA) 
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1. Orifices~ screens or grids (above critical Reynolds 
number, fAPP = constant) 
2 
p r-V ' K = 1 (2A) 
2. Turbulent flow in ducts (fAPP = constant/R 
0 •2 ) ed 
b P .-v vl· 8' K = 0.9 (3A) 
3. Fully developed laminar flow in ducts 
(fAPP = const./Red) 
llP,.,...,V,"K= 0.5 {4A) 
The interest in this flow regime arose originally as 
a result of the need to simulate various types of flow 
through screens, doors, windows and the like, in tests of 
,small-scale models of buildings in an atmospheric type of 
wind tunne 1. 
It is well known that the pressure drop of a fluid under 
laminar flow conditions in short tubes is considerably 
larger than the value predicted from the Poiseuille ·Law. 
This is .a result of the changes in the ~elocity profile 
occurring near the .tube entrance. .When a fluid enters a 
duct, the fluid particles adjacent to the wall are slowed 
down by the viscous forces · while the particles in the inner 
core are not directly affected by these forces for some dis-
tance from the entrance. Under the influence of the fric-
tional forces, the thickness of the retarded fluid .layer 
grows. Since the mass flow rate remains constant, it is 
necessary for the fluid in the inner core to speed up until 
. ' 
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finally a parabolic velocity distribution is reached some 
distance from the entrance. The change in momentum of the 
fluid in the inner core can only be produced by a force over 
and above that which is required to overcome the friction 
between the fluid and the pipe wall. This force shows up as 
an increase in the pressure difference required to move . a 
given quantity of fluid through a short tube. 
The superposition of the pressure drop resulting from 
the momentum change upon the pressure drop caused by the 
tractive forces as the wall of a duct offers the possibility 
of obtaining various values of the exponent K in Equation lA 
by a proper balance between the two mechanisms. Thus, by a 
proper selection of the length-to-diameter ratio, it is 
possible to simulate various types of flow systems, even if 
the reduction in s~ale of the prototype results iri length 
~iroensions for opetitngs in the model which p~oduce purely 
laminar flow. 
To determine experimentally the pressure drop charac-
teristics (i.e.,~) of capillary tubes having small length-
to-diameter ratios, and also to provide experimental data 
for laminar flow thro~gh .tubes in the range· of the dirnen-
-4 
~ionless quantity (L/DRed) from 4 x 10 to that value of 
(L/DRed) where the Poiseuille . Law holds, reader should refer 
to Reference (5). ~ere the concentration is on the result 
of this experiment, and that is what we are int~rest~d in. 
The resulting curve shows that the exponent N in an 
. ' 
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equation of · the type: 
• N Q =C(AP) . (SA) 
increases from 0.5 at an aspect ratio approaching zero to 
D.91 at an aspect ratio of about 17. The exponent N in 
Equation 2A is related to K, the exponent of the velocity 
head in Equation lA by: 
1.0 
-o.9 
,o.s 
0.7 
~.-.0.6 
. 
0.5 . 
v~ 
N = l K 
2 
v v 
~ 
~ 
) 
~heoretical Limit for Fully 
Developed Laminar Flow 
~ - .. 
----~ 
./" 
~t> 
-
I 
C = constant 
• 
Q = volumetric 
flow rate 
f:).P = reservoir 
pressure 
difference 
0 2 4 6 8 1 0 12 14 16 .18 20 22 
L/D 
Fig. lA . Characteristic flow exponent N versus length-
to-diameter ratio for laminar flow. 
, . 
The experimebtal data can also be correlated by means 
·of an analysis originally proposed by Langhaar. The 
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~ pres s~re drop between a reservoir and a downstream section , 
~n the tube x (Fig. 2A) can be broken into three parts, or 
(7A) 
---- ... , 
. /'''-, -- - - -LGG..£..-~----.-c-.;.'-(-'--
stream tube _ · 
between reservoir p 
and section x=O 
/ )(::: 0 - _, . 
F~g. 2A Sketch illustrating riomenclature for transi-
. tion flow. 
-where 
(p P ) = drop between reservoir and a downstrem 
x section x 
tl1P = pressure drop between reservoir and inlet cross section (x=O) 
ll2 P = drop in pressure due to increase in kine tic energy in length x 
6 3P = press·ure drop due to frictional loss in length x 
If the stream tube between the rese·rvoir and the sec-
.tion x=O is frictionless and has a bell-mouth shape, the 
-velocity at the inlet is approximately uniform and equal to 
the mean velocity, V. · Thus, the pressure drbp between the 
~reservoir and the fnle t section equals one velocity head 
-.according to Bernoulli's equa ti.on, or 
(SA) 
Using the Navier-Stokes boundary-layer equations and 
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Helmholtz's principle of least dissipation, the remaining 
two pressure-drop terms, 4 2P and .4 3P, have been evaluated 
by Langhaar who showed that there exists for streamline flow 
in the translation length of tubes a unique relationshi p be-
tween (L\ 2 P + L\._ 3P) and a single parameter (x/DRed). 
< A
2
P + ~ 
3
P) 1 ( ?v2 12 ) 
. gc 
. (9A) 
The pressure drop term (4 
2
P + 6
3
P) also can be 
expressed in terms of a pipe-friction factor by the equation 
= (lOA) 
·where fAPP is an integrated apparent friction coefficient 
defined by Equation lOA and 0 denotes a functional relation. 
The integrated apparent friction coefficient . fAPP in-
cludes the effects ·o.f the viscous shearing stress as well as 
the change in velocity head or momentum flux caused by the 
change of the velocity profile between the inlet section 
(x=O) and the section where P is measured. 
X 
It was assumed t~at as the fluid enters a tube it forms 
a stream tube having the shape of a bell mouth so that the 
assumptions regarding the term~1P are valid. Then the 
~ressure difference between the reservoirs ~ P is related to 
P - P by the relation 
o L 
( llA) 
tll 
The geometry of the short tubes actually approaches that . 
of an orifice for which the flow ~ate can be related by 
Torricelli's equation in the form 
Q = C /( D2 ·1 
48 ~( 2gc~/) 
(12A) 
Measured values of the pressure drop between reservoirs 
upstream and downstream of capillary tubes with square-
-edged entrances are in agreeroent with Langhaar's theory for 
(L/DRed) l-arger than 4 x 10- 3 and ( L/D) larger than 2. 
By proper selection of length-to-diameter ratios of 
short capillary tubes, it is possible to simulate various 
flow characteristics in small-scale models for tests in 
atmospheric wind tunnels or in pneumatic control devices. 
t I 
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APPENDIX B ( 6) 
By using statistics, the remaining data presented in 
this appendix has been fitted into a linear regression 
equation. From the linear regression equation, the coef-
ficient of determination which indicates reliability of 
the experimental data has been found. The flow coefficient 
(C) and flow exponent (N), which allow one to categorize the 
window or door as tight, average or loose fit, have been 
abtained. After this, the empirical equation was calcu-
lated. If this data were carried out, the confidence inter-
vals could also be determined. 
HOUSE NO. 1 
Before taping the cracks of the storm window 
~ p (lb/~t2 ) 1 
0.1821 
0.2601 
0.2861 
0.3511 
0.4422 
~ x2 1 = 1. 5169 
~y2 1 = 0.1116 
~XiYi = 0.3826 
LX· = -2.6771 
1. 
~ Yi = -0.6131 
y = -0.1226 
- -0.5354 X = 
- bx a = y -
• I 
Q (cfm/ft) lo (1 p) 
0.5556 -0.7 397 
0.6667 -0.5849 
0.7778 -0.5435 
0.8750 -0.4546 
0.9667 -0.3544 
2 
5xx = 1.5169 ~-2.6771~ . 5 
sYY = 0.1116 ~-0.6131~
2 
5 
s~Y = 0.3826 ~-2.6771~ 
5 
= 0.0543 
b = Sxy = 0.0543 = 0.6503 
5xx 0.0835 
a = -0.1226 - (0.6503) (-0.5354) = 0.2256 
1o -. 
• I 
) 
-0.2552 
-0.1761 
-0.1091 
-0.0580 
-0.014 7 
= 0.0835 
= 0.0364 
~-0.6131~ 
.. 
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,... 
y = 0.2256 + 0.6503x 
N = b = 0.65 
a = loCT c - 0.2256 c = 1.681 0 . ' (A P)N Q = c 
Empirical equation for window of House No. 1 before taping; 
Q ' = 1. 6 81 (6 P) 0 • 6 5 
s r = __ x_y...___ 
Jsxxsyy. 
0. 054 3 = o. 9849 
-~ (0.0835) (0.0364) 
2 · r = 0. 9701 
After storm window cracks are taped 
~ x 2 . = 0.3280 
1. 
2 ~y. = 0.1511 
]. 
~X·Y· = 0.2223 ]. 1. . 
~xi= -1.1686 
~Yi = -0.7765 
y = -0.1553 
X = -0.2337 
a = y - bx 
cfm/ft) 
o. 
0.6111 
0~7222 
0.8056 
0.8778 
log 
-0. 
-0.3177 -0.2139 
-0.2232 -0.1413 
-0.1535 -0.0939 
-0.0935 -0.0566 
sxx = 0.3280- (-1.1686) 2 ' = 0.0549 
5 . 2 
s . = 0.1511 (-0.7765) = 0.0305 
yy 5 
s = 0.2223 (-0.7765) (-1.1686) 
xy 5 
= o. 0408 
b = sxy = 0.0408 = 0.7435 
. sxx o. 0549 
a= -0.1553- (0.7435) (-0.2337) 
a= log C = 0.0185 
A 
y = 0.0185 + 0.743Sx 
c = 1. 0434 b = N - 0. 7435 
Eropir~cal equation ~or window after taping 
Q ' = 1. 04 ( A P ) O • 7 4 
-:==s=x==y==- = · ~::=:::::::::o:::·:::o::::4 =o 8::::==::::::::::::- = o • 9 9 71 
~ sxxsyy ~ ( o. 0549) ( o. 0305) 
r = 
r .2 = 0. 9941 
Exterior Door 
. ' • AP Q (cfm/ft) 
0.4296 
· o.5is5 -0.4235 -0.2878 
0.6014 -0.3807 -0.2208 
0.6873 -0.3061 -0.1629 
0.7388 -0.2327 -0.1315 
114 .. 
~x2 . = 0.7675 
1. 
2 
s = 0.7675 - (-1.8865) = 0.0557 
XX . 5 
2 
~y . = 0.3100 
1 
LXiYi = 0.4858 s yy 
2 = 0.3100- {-1.1699) = 0.0363 
~X· = -1.8865 
1. 
~Yi = -1.1699 
-y = -0.2340 
= o. 4858 
= 0.0444 
5 
(-1.8865) (-1.1699) 
5 
x = ...;0.3773 b =~X~= 0.0444 = 0.7964 
XX · 0. 0557 
a = y - bx 
a= -0.2340- (0.7964) (-0.3773) 
a= log C = 0.0665 
"' y = 0.0665 + 0.7964x 
N = b = 0. 7964 c = 1.1654 
Q I = c ( ~ P)N 
Empirical equation for exterior door: 
Q' = 1.16 (L\ p)O· 79 
t! 
r = --:::=s=x~y== = ___ .:;.,0 .z...;:• 0~4~4-:..4_____ = 0. 9 8 7 4 
\f sxxsyy . ~-(o.oss 7) ( o. 6363) 
2 r = 0.9874 
o. 5 
0.4422 
0.5592 
0.7673 
0.8973 
0.9494 
HOUSE NO. 2 
East Windows 
• I • I 
Q (cfm/ft) log ( L\ P) 1o ( Q .) 
0. 53 
0.3165 
0.3798 
0.4431 
0.5064 
0.5317 
-0. 880 -0.59 5 
-0.3544 -0.4996 
-0.2524 -0.4204 
-0.1150 -0.3535 
-0,0470 -O a2955 
-0.0226 -0.2743 
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~ x 2 i = 0.4434 
~ y2 i = 1. 0697 
LX·Y· = 0.6350 
2 
. sxx = 0.4434 (-1.2794) - 0.1706 
6 
~ 1. 
L xi = -1.2794 
~ Yi = -2.4398 
y = -0.4066 
x = -0.2132 
a = y - bx 
a = log C = -0.2633 
N = b = 0. 6723 
.;-.. . 
y = -0.2633 + o~6723x 
s = 1.0697 (-2.4398)2 = 0.0776 
yy 6 
s = 0.6350 - (-2.4398) (-1.2794) 
xy 6 
= 0.1147 
s 
b = ~ = o.ll47 = ·0 • 6723 
sxx . 0.1706 
c = 0.5454 
Empirical equation for east ~indow: 
Q1 = 0.5454 (8P) 0 •67 
5
xy 0.1147 r = --""-- = ___ ___;__~-- = 0. 99 69 
~ s~-~s~-; f<o. 0776 > < o. 11o6 > 
2 -r - 0.9939 
:>. X 2 . = 0 • 2 12 0 
- 1 
~y2 . = 0.6055 
. l. 
>x-y. = 0.3313 
- l. 1. 
~xi = -0.7875 
~ yi = -1.6567 
y = -0.3313 
x = -0.1575 
a = y - bx 
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West Window with Storm Window 
. ' 
-0.3544 -0.4947 
. -0.2424 -0.3978 
. -0.1535 -0.3187 
-0.0598 -0.2517 
0.0226 -0.1938 
. 2 
s = 0.2120- (-0.7875) = 0~0880 
XX 5 
sYY = o.6055 - (-1.6567)2 = o.o566 
5 
sxy = 0.3313 
= o. 0704 
(-0.7875) (-1.6567) 
5 
b = 5xy = 0.0704 -
sxx 0.0880 
0.7997 0.80 
a= -0.3313- {0.80) (-0.1575) = -0.2053 
A 
y = -0.2053 + 0.80x 
N = b = 0. 80 
a = log C = -0.2053 
c = 0.6233 
A' N 
~ = C ( 6 P) 
Empirical equatiQ.n for west window with storm window: 
Q I = o. q2 3 ( ~ P) 0. 80 
r = -=s=x::::y:::::=:::=- = --;:::::::::~0::::. ::::0::::7 0:::::4:::::::::::::::::~ - o • 9 9 7 5 
J sxxsyy J<o.oss) {0.056.6) 
2 
r = 0.9951 
' I 
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South Window 
2 • I 
6 P lb ft (c f m/ft loQ: lo 
------~~~~--~~--~~ 
0.3902 0.6248 -0.4088 -0.2043 
0.5202 0.7810 -0.2838 -0.1073 
0.6242 0.0934 -0.2046 -0.0282 
0.7803 1.0934 -0.1077 0.0388 
0.8973 1.2496 -0.0470 0.0968 
0.9754 1.3277 -0.0108 0.1231 
sxx = o.3034 C-1.0627)
2 = o~11s2 
6 2 
~- 2 
eX i = 0.3034 
~ y 2 i = 0. 0801 
~ Xi y i = 0. 109 7 
L X • = - 1. 06 2 7 
~ 
L y. = -0.0811 
1 
y = -0.0135 
X= -0.1771 
a = y - bx 
a = -0.0135 - (0.8276) 
b = N = 0.8276 
A 
o.t33t + o.sz76x y = 
a = log C = 0.1331 
c = 1.3585 
• I 
Q = c 
sYY = o.o8o1 ~-0.~811) = o.o790 
sxy = 0.1097 _ (-1.0627)
6
(-0.0811) 
= o. 0953 
s b = ~ = 0.0953 = 0.8276 
sxx 0.1152 
{-0.1771) 0.1331 
(D. P)N 
Empirical equation for south window: 
Q I = 1. 36 { -~ p) 0 • 8 3 
5xy = 0.0953 r = -;:::~=== --:::::~::::::::~:::::::::::::::::::::::- = 0 • 9 9 9 0 
J S XX S y y ~ ( 0. 115 2 ) ( 0. 0 7 9 0 ) 
2 
r = 0.9979 
1. 
J1p 
0. 4162 
0 .• 52 02 
0.6503 
0.8323 
1.0144 
1. 1444 
West Door 
0.3569 
0.4461 
0.5353 
0.6246 
0.7138 
0.7673 
118 .. 
• I 
log 1o 
-0.3807 -0.4475 
. -0.2838 -0.3506 
-0.1869 -0.2714 
-0.0797 -0.2044 
0.0062 -0.1464 
0.0586 -0.1150 
sxx = 0.2702 - {-0.8663)
2 = 0.1452 
6 2 
2 2 X • = 0. 2702 
1 
2. y2 i = 0.4733 s = 0.4733 - (-1.5353) - 0.0804 
yy 6 
~XiYi = 0. 3292 
~xi= -0.8663 
sxy = 0.3292 {-1.5353)
6
(-0.8663) 
· ~Yi = -1.5353 
y = -0.2559 
X= -0.1444 
a = y - bx 
= 0.1076 
s 
b = ~ = 0.1076 = 0.7410 
sxx 0.1452 
a= -0.2559- (0.7410) (-0.1444) = -0.1489 
b = N = o. 7410 
A 
-0.1489 o. 74tox y = + 
a = log C = -0.1489 
c = 0. 7097 . ' ,..., 
· Q :: C ( ~ P);.' 
-
Empirical equation for west door: 
s 
r . = __ x_y __ 
J Sxxsyy . 
r 2 = 0. 9917 
Q' .= 0. 71 ( ~ p) 0. 7 4 
--;:~===0 ·==1=0=7==6 ::::::::=:::::::- = 0 . 9 9 59 
~ ( 0. 08 04 ) ( 0. 14 52 ) 
APPE~DIX C (7) 
THE EFFECT OF REDUCED INFILTRATIO~ AND VENTILATIO~ 
ON INSIDE AIR QUALITY 
Reducing the air infiltration and ventilation rates 
in a 'building too much can lead to high levels of indoor 
air contaminant that may be hazardous to the occupants' 
health. These contaminants include those produced fro~ 
burning, cleaning odors, and odors and micro-organisms 
from humans. (See Table lC, page 120) 
119 
The normal air .exchange which occurs through infil-
tration and ventilation usually takes care of these conta-
minants. The primary control, mechanical ventilation, 
involves using controlled flow of air to lower the contami-
nant level by 1) dilution with fresh outside air, 2) recir-
culation systems incorporating chemical and physical conta-
minant control devices, or 3) a combination of the first 
two . methods. 
The United States, and European governments, are now 
trying to establish a scientific basis . for ventilation 
requirements and design recommendation for energy efficient 
ventilation standards for residential, institutional and 
commercial buildings. 
Prior studies considered only contaminants brought in 
from outdoor air, but now more work has been done involving 
indoor pollutants which also include those which exist 
within the building itself. Three indoor-generated conta-
minants of particular concern in residential buildings 
are nitrogen dioxide, formaldehyde and radon. 
' I 
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TABLE lC 
INDOOR AIR POLLUTION IN RESIDENTIAL BUILDINGS 
Sources 
I. OUTDOOR 
Ambient Air 
Motor Vehicles 
II. INDOOR 
Building Construction 
Materials 
Concrete, stone 
Particle board 
Insulation 
Fire Retardant 
Adhesives 
Paint 
Building Contents 
Featin2 and .cooking 
combu~tion applia~ces 
Furnishings 
Water service; 
natura 1 gas . 
Human Occupants 
Metabolic activity 
Human Ac t_ivi ties 
Tobacco smoke 
Aerosol Spray Devices 
Cleanin~ and cookin~ 
products · ~ 
Hobbies and crafts 
Pollutant Types 
S02, NO, NOz, 03, Hydrocar-
bons, CO, Particulates 
CO, Pb 
Radon 
Formaldehyde 
Formaldehyde, Fiberglass 
Asbestos 
Organics 
Mercury, Organics 
co, SOz, ~o, KOz, Particu-
lates 
Organics, Odors 
Radon 
C02, NH3, Organics, Odors 
CO, NOz, HCN, Organics, Odors 
~luorocarbons, Vinyl Chloride 
Hydrocarbons, Odors, ~~3 
Organics 
• ! 
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Gas stoves and heating systems in residential buildings 
may produce excessive levels of carbon monoxide and nitrogen 
dioxide. Emission studies involving a new gas stove opera-
ting in a room with air exchange rates from 1/2 to 10 air 
changes per hour showed that gas stoves generates very high 
emissions of carbon monoxide, and nitrogen monoxide and 
dioxide, and respirable aerosols. Concentrations of these 
contaminents become significant when the air change rate is 
less than 1 air change per hour (ach). The N0
2 
is more 
dangero~s than CO because the CO concentration exceeds the 
1-hour ambient outside air quality standard only under 
"tight" conditions (0.24 ach), while N02 exceeds the stan-
dards even with an air exchange rate as high as 2.5 ach. 
(See Figure lC and 2C) 
In a recent study in England it was found that children 
_living in homes using natural gas stoves had a high inci-
dence of respiratory illness than children from homes using 
electric stoves • . Researchers accredite~ this to a high 
leve 1 of ni tro.gen d ·ioxide. 
Formaldehyde (HCHO), an inexpensive, high volume 
chemical, is used as a re~in in many building materials 
such as insulation, parti~le board, plywood, textiles and 
adhesives. HCHO has a strong odor and can be detected by 
humans at levels below 1 ppm. Exposure to HCBO can cause 
irritation of the eyes and upper respiratory passages. High 
~· 
concentration may cause coughing, constriction in the chest, 
.. 
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• •1, - •• .. -.· .. . 
. . - · ~. : .. .. 
• : ·~ - . '! -2 . 
Figure lC- Carbon monoxide conce~trations in a 27m3 (950 ft3) 
experimental room with the gas ov~n operated fo~ 1 hour at 18QOC 
.(350°F). Experiments were conducted under the following air changes 
per hour: A=0.24; B=l.O; C=2.5; 0=7.0 
· .-.~.;;:J~,~:~~;.:I:{I:ji;!;~t*l ~~;:: · .~~::;;:.i:i'' · 
recommended [ • .· · r-·: ' .. --...: · ·.-= ••· J • --~--· ·- • ·-.._c · ·· · · --· --~ 
- . ~:n~~~afity 0 r .:' .:: . ><{~<~:~ .~~-~~-~ : ~~~:- ': - o~--~~-~. 
,, :·-. 0 l 2 
:·.> · -·~::~ . .- .... · ..-..  '· Hours -
Figure 2C - Nitrogen dioxide concentrations in a 27m3 (950ft3 ) 
experimental room with the gas oven operated for 1 hour at 180°C 
(.35QOF). Experimenta were conducted under the follo-wing air 
changes per hour: A=0.24; B=l.O; C=2~5; D=7.0 
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and a sense · of pressure in the head. Some studies report 
swelling of the mucous membrane begins in the range of 0~05 
ctO 0. ~ ppm. 
European countries such as Denmark, Sweden, West 
Germany, and the Netherlands have moved to e.stablish a 
standard at about 0.1 ppm. 
Particle board, a common constr~ction material, is 
held togetr:er with a ureaformaldehyde (W) resin, which may 
emit fumes for a long time. The emission rate varies 
according to the original manufacturing process, quality · 
control of fabrication, porosity, humidity and cutting of 
the board for final use in addition to the infiltration and 
ventilation rates. Studies in Denmark, Sweden, West Germany 
and the United States have shown that the indoor concentra-
tion of HCHO as a result of particle board often exceeds 
the recommended arnbi.ent and indoor standards of 0.1 ppm. 
In 23 Danish homes, the average formaldehyde concentration 
was 0.5 ppm and the range was 0.07 - 1.9 ppm. Formaldehyde 
concentration in more than 200 U.S. mobile homes ranged 
from 0.03 to 2.4 ppm. 
~he use of UF-based foam insulation has also become 
a major concern because of the high emission rate .of for-
maldehyde gas. 
Radon-222, an inert, radioactive, naturally-~ccurring 
gas from the uranium-238 decay chain~ is emitted by any 
substance which contains radium-226. Radium-226 can be 
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trac~d to most rock and soil, concrete, brick, and other 
building materials. Radium-226 has a half-life of 1602 
years, so it is a continuous source of radon for the life 
of the building. The soil beneath the fo~ndation and tap 
water are also sources of radon. See Figure 3C. 
The airborne particulates produced by the radon gas 
lodge in the bronchi and decay, giving off radiation affect-
ing the lung tissue. In a New York City study, the annual 
mean radon concentra.tion in 21 homes ranged from 0. 3 to 3 
nCi/m3, with a geometric mean of 0.8 nCi/m3. For the same 
location the outdoor concentrations were 0.1 to 0.2 nCi/m3• 
In Swedish homes, where the air-c hange rates were about 0.2 
to 0.8 ach, the concentration ranged from 1 to 12 nCi/m3. 
The radon concentration depends on the emission rate 
of the parent material and the mechanisms for re~oval s~ch 
as ventilation. B~qause most peop~e spend ~ lot of their 
time indoors, total exposure is determined by the elevated 
indoor concentrations. Estimates suggest that radon adds 
an annual risk of 20 to 200 cases of lung cancer per 
million based on an average concentration of 1 nCi/m3 of . 
indoor radon. In the United States the 45~64 year age 
ground runs the ~reatest risk. 
Consequently, although the immediate reaction would be 
to reduce air infiltration to a minimum to save on energy, 
one must also consider the health hazards. Levels must be 
set for these contaminants in order to assure a minimum of 
'' 
\ 
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• 
Figure 3C- Major sourcesof . natcral.radiation in buildings. 
·Radon pathways into t he building include soil gas leakage through 
cracks in _the basement floors and walls~ and radon diffusion 
through and emanation from soil, concrete and other building 
'Uta teria ls. 
t I 
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dang~r to a person's health. 
In order to limit increases in indoor contaminants 
mechanical ventilat ion can be used, indoor air can be cir-
culated through contaminant control devices or measures 
can be taken to seal or eliminate certain contaminants at 
the source. 
' I 
APPENDIX D 
TABLES FOR 
~OEFFICIENTS OF TRANSMISSION, 
AIR INFILTRATION RATES, 
A~'TD 
CORRECTION FACTORS 
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Table 10 
CONDUCTANCES Ah~ RESISTANCES OF BUILDING A~~ 
INSULATI~G MATERIALS AT A MEAN TEXPERATURE Of 75 F (ENGLISH U~~TS)* 
Unit Unit 
Densi ty Conduc- Resistance 
Material Description tance_,C 1/C 
~ Btu bt-ft
2-E 
hr-ft2-F Btu 
BUILDING BOARD Asbestos-cement board 
Boards, panels 1 /4 in. or 6 mm 120 16.·5 0.07 
subfloot·ing, . Gy~sum or plasterboard 
50 3.10 0.32 sheathing, /8 in. or 10 mm 
woodbased panel 1/2 in. or 1"3 mm so 2.25 0.45 
products Ptrwood 34 -- ... 
/4 in. or 6 mm 34 3.20 0.31 
3/8 in. or 10 mm 34 2.13 0.47 
1/2 in. ·or 13 mm 34 1.60 0.62 
3/4 in. or 2·0 mm 34 1. 07 0.93 
Insulating board, and 
sheathing . 
1/2 in. or 13 mm. 18 0.76 1. 32 
25/32 -in. or 20 mm 18 0.49 2.06 
Hardboard, high density. 
63 standard tempered -- --Particle board 
Medium density 50 -- --Underlayment 
5/8 in. or 16 mm 40 1.22 0.82 
Wood subfloor 
3 4 in. or 20 mm -- 1. 06 0.94 apor--permea le e -- . . Vapor--seal, two layers of 
mopped 15 lb felt -- 8.35 0.12 
(continued) 
... 
Specific 
Heat 
...lLb1... 
lbm-F 
0.29 
0.29 
0.29 
0.29 
0.29 
0.31 
0.31 
0.33 
0.31 
0.29 
o. 34 
~ 
N 
(X) 
Unit Unit 
Density Conduc- Resistance Specific 
Materia1 Description tance ,C 1/C Heat 
~ 2tu ft2-bx:-f _B_tu ft--hr-F Btu lbm-F 
FINISH FLOORING Carpet and fibrous pad -- 0.48 2.08 MATERIALS Carpet and rubber pad -- 0.81 1.23 0.34 
Tile--asphalt, .li-noleum, 
vinyl, or rubber . -- 20.0 0.05 0.30 
t I-.sutATI 1\G Mtneral ftber--f1brous 
MATERIALS form processed from rock, 
Blanket and batt slag, or glass 
Approximately 2-2 3/4 in. 
0.143 7 0.18 or 50-70 mm --Approximately 3-3 1/2 in. 
or 75-90 mm -- 0.091 11 0.18 Approximately 5 1/4 -
~ 1/2 in. or 135-165 mm -- 0.053 19 0.18 
Boards and slabs Cellular glass 9 -- -- 0.24 Glass fiber, organic bonded 4-9 -- -- 0.19 
Expanded polystyrene--
molded beads 1.0 -- -- 0.29 Expanded polyurethane--
R-11 expanded 1.5 -- -- 0.38 Mineral fiber with resin 
bind er 15 -- -- o.·17 
LOOSE FILL Mineral fiber--rock, slag, 
or glass 
Approximately 3 in. or 
75 mm -- 0.11 9 0.18 Approximately 4 1/2 ·in. 
or 115 mm -- 0.08 13 0.18 
Approximately 6 1/4 in. 
or 160 mm -- 0.05 19 0.18 
. (continued) 
t-' 
N 
\0 
.• ·" 
-_.,, .. 
Unit Unit 
Density Condue• Resistance Specific 
· Material Description tance ,C 1 /C Heat 
~ ~tl! br-ft
2-E _Jll_u_ 
ft -hr-F Btu lbm-F 
LOOSE FILL ·(cont.) . Approximately 7 1/4 in. 
or 185 mm . · -- 0.04 24 0.18 Sil i ca aerogel · · 7.6 
Vermiculite (expanded) 7-8 
ROOF INSULATION Preformed, for use above 
deck 
Approximately 1/2 in. 
or 13 mrn -- 0.72 1.39 Approximately 1 in. or 
0.36 2.78 25 mm --
Approximat~ly 2 in. or 
0.19 5.56 · SO n1m --
Cellu~ar glass 9 -- -- 0.24 
MASO~RY MATERIALS Lightweight aggregates 200 
Concretes including expanded shal~ 100 
clay or · slate; expanded 80 
slags; cinders; pu~ice; 40 
vermiculite; also eel- 20 
lular concretes 
Sand and gravel or stone 
aggregate (not dried) 140 
MASoMt'Z UNITS Brick, common 12o 
Brick, face 130 
Concrete blocks, three--
oval core--sand and 
gravel aggre6ate 
· 4 in. or 1 0 mm -- 1.4 0.71 8 in. or 200 mm8 -- 0.9 1.11 --12 in. or 300 mm -- 0.78 1.28 
~ 
.W 
0 
..-· 
Unit Uriit 
Density Conduc- Resistance Specific 
Material Description tance,C 1/C 2 Heat 
"* Bt11 bt-ft -E J...t.u hr-ft2-F Btu lbm-F 
MASO~RY UN! TS - · lith tweigh t: aggrega t:e 
(cont.) expanded . shale, clay 
slate or slag; pumice) 
0.79 1.27 3 in, or 75 rom --4 in. or 100 mm -- ·o. 67 1.50 8 in. or 200 mm ... 0.50 2.00 
12 in. o~ 300 rom -- 0.44 2.27 
PLASTERING Cement plaster, sand, 
MATERIALS. ag~regate 116 
Gypsum plaster: 
Lifhtw~ight af~regate 
/2 ln. or mm 45 3.12 0,32 
5/8 in. or 16 mm 45 2.67 0.39 
Lightweight aggregate 
on metal lath 
3/4 in. or 20 rnm -- 2.13 0.47 
ROOFING Asbestos-cement shingles 120 4.76 0.21 
Asphalt roll roofing 70 6.50 0.15 
Asphalt shingles 70 2.27 0.44 
Built-up roofing 
3/8 in. or 10 mm 70 3.00 0.33 0.35 
Slate, 1/2 in. or 13 mm -- 20.00 0.05 Wood shingles--plain or 
1.06 0.94 plastic film faced .... 0.31 
SIDING MATERIALS Shingles 
(on Flat Surface) Asbestos-cement 120 4.76 0.21 
Siding 
Wood, drop, 1 in. or 
25 mm 1.27 0.79 0.31 
(continued) 
t-" 
w 
.t-" 
..... 
Material 
SIDING MATERIALS 
(cont.) 
Description 
Siding (cont.) 
Wood, plywood, ·3/8 in. 
or 10 mm,lapped 
Aluminum or steel, over 
sheathing, hollow-
backed 
Insulating board--
backed nominal, 3/8 
in. or 10 rom 
Insulating board--
backed nominal, 3/8 
Density 
*' 
. Unit 
Conduc• 
tance, C 
Btu 
hr- f tZ-F 
1.59 
1.61 
o.ss 
· in. or 1 0 mm, foi 1-
backed -· 0.34 
A~~hitectural glass · -- 10.00 
·-·. 
Unit 
Resistance 
1/C 
hr-ft2-F 
Btu 
0.59 
0.61 
1.82 
2.96 
0.10 
WOODS- ~~----- -~-~ Maple, oak, and simfl.ir 
hardwoods 45 -- -· 
METALS 
Fir, pine, and ~imilar 
softwoods 
Aluminum (11 00) 
Steel, mild 
Steel, stainless 
*Abstracted from Reference ~o. 1 
32 
171 
·489 
494 
··' 
Specific 
Heat 
__13._t.u_ 
lbm-F 
0.29 
0.30 
0.33 
0.214 
0.120 
0.109 
t-"' 
(.,.) 
N 
\ 
• 
Table 2D 
COEFFICIEf~TS OF TRA~S!'1ISSION U 
FOR HORIZO~TAL LIGHT-TRAKSMITTIKG PANELS* 
Description 
FLAT GLASS 
Single sheet 
~nsulating glass--double 
1/4 in. or 6 mrn air space 
1/2 in. or 13 mm air space 
l/2 in. or 13 rom air space low 
emittance coating 
-emittance = 0.20 
•mittance = 0.60 
GLASS BLOCK 
12 x 12 x 4 in. or 300 x 300 x 100 mo 
thick with cavity divider 
PLASTIC BUBBLES 
Single walled 
Double walled 
·'*Reference ~6. 1 
Exterior 
Winter 
. Bt~ 
· hr- ft -F 
1.22 
o. 70 
0.66 
0.46 
0.60 
0.51 
1.15 
0.70 
m2~c 
6.93· 
3.97 
3.75 
2.61 
3.41 
2.90 
6.53 
3.97 
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Table 3D 
COEFFICIENTS OF TRA~SMISSIO~ U 
OF VERTICAL LIG~T TRA:\SMI TTI~:G PA:\ELS* 
Description 
-'FLAT GLASS 
Single sheet 
Insulating glass--double 
1/4 in. or 6 mm air space 
1/2 in. or 13 mm air space 
1/2 in. or 13 mm air space low 
emittance coating 
emittance = 0.20 
emittance = 0.60 
Insulating glass--triple 
1/4 in. or 6 mm air space 
1/2 in. or 13 mm air space 
Storm windows · 
1-4 in. or 25-100 mm air space 
GLASS BLOCK 
6 x 6 x 4 in. or 150 x 150 x 100 mm 
thick 
12 x 12 x 4· in. or 300 x 300 x 100 mrn 
thick 
with cavity divider . 
SI~GLE PLASTIC SHEET 
~Reference No. 1 
£xt:er~or 
Winter 
Btu 
hr-ft2-F 
1.13 
0.65 
0.58 
0.38 
0.52 
0.47 
0.36 
0.56 
0.60 
0.52 
0.44 
1.09 
w 
m2-c 
6.42 
3.69 
3.29 
2.16 
2.95 
2.67 
2.04 
3.18 
3.41 ' 
2.95 
2.50 
6.19 
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Table 40 
~~TILTRATIO~ THROUGH DOUBL~-HUNG WOOD WINlOWS* 
(expressed in ft /(hr-ft) 
Pressure Difference 
(lncbes of Water) 
\ 
' Type of Window 0.10 0.20 0.30 0.40 0.50 
_J... Wood double-hung window 
(Locked) (Only the leakage 
around the sash and through 
the frame is given.) 
1. Nonweather-stripped, 
loose fit 77 122 150 194 225 
2. Nonweather~stripped, 
.average fit 27 43 57 69 80 
3. Weather-stripped, 
loose fit 28 44 58 70 81 
. 
\ 
4. Weather-stripped, 
average fit 14 23 30 36 42 
B. Frame-t<Iall leakage (Leak-
•ge passes between the frame · 
of a wood double-hung win-
~ow and the wall.) 
1. Around the frame in 
UlaSonry wall, not 
caulked . 17 26 34 41 48 
2 • . Around ·the frame in 
masonry . wall, caulked 3 5 6 7 8 
3. Around the frame· in 
wood frame wall 13 21 29 35 42 
*Reference No. 1 
.. 
• 
Table 50 
AIR CHA~GES TAKING PLACE U~DER AVERAGE CO~miTIONS 
IN RESID£!\CES, EXCLUSIVE OF AIR PROVIDED FOR VE~\TILATIO~*a 
Number of Air 
Changes Taking 
Kind of Room or Building Place per Hour 
Rooms with no windot-lS or exterior doors 1/2 
Rooms with windows or exterior doors on 
..one side 1 
-Rooms with windows or exterior doors on 
-two sides ·I-1/2 
·ltooms with windows or exterior doors on 
three sides 2 
Entrance halls 2 
*Reference No. 1 
.aFor rooms with weather-stripped windows or with a storm sash, 
use 2/3 these values. 
Table 60 
HEAT LOSS VS. DEGREE DAYS INTERIM FACTOR Co* 
Outdoor De si~n 
Temperature, F/C 
.Factor c0 
-· a ·eference :\o. 1 
-20 / -29 -10/23 
0.57 0 .. 64 
Table 7o 
0/-17 10/-12 
0.71 0.79 
20/-6 
0.89 
"PART LOAD . CORRECTION FACTORS FOR FUEL FIRED EQUIPMENT* 
Perce n t Oversizing 0 20 40 60 80 
1.36 1.56 1.79 2. 04 2. 32 
· *Reference No. 1 
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Table 80 
·ADJUSTMENT FACTORS FOR COEFFICIE~TS U 
OF TABLES 20 AN) 30 * 
Description 
-WINDO~vS 
All glass 
~ood sash--80% glass 
-.Metal sash--80% glass 
-SLIDING GLASS DOORS · 
-Metal frame 
-Wood frame 
-"*Reference t\o. 1 
Single 
Glass 
1.-o 
0.9 
1.0 
1.0 
0.95 
Double or 
Triple Gla.ss 
1.0 
0.95 
1.20 
1.10 
1.0 
Table 90 
TRANSMISSION COEFFICIE~TS U 
. FOR BELOW GRADE BASEME(iT WALLS At\U FLOORS* 
Floor Wall 
Btu/( hr- f t2- F) Btu/( hr- ft2-F) 
0.10 0.57 0.20 
-*Reference ~o. 1 
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Storm 
Windows · 
1.0 
0.90 
1.20 
"1.14 
. ., .. 
Table 100 
CO!FFICIENTS OF TRA~SMISSIO~ U FOR SLAB DOORS* 
Thickness 
1 it\ or 25 mm 
1 1/4 in. or 30 mm 
1 1/2 in. or 38 mm 
2 in. or 50 mm 
1 3/4 in. or 44 mm 
Mineral fiber core 
Solid urethane foam core 
*Reference No. 1 
Solid. Wood 
· No Storm Door 
~ ___lL 
hr- ft: 2-F m2·-C 
0.64 3.63 
0.55 3.12 
0.49 2.78 
0.43 2.44 
Steel Door 
0.59 3.35 
0.40 2.27 
Wood 
Btll 
hr-ft2-F 
0.30 
0.28 
0.27 
0.24 
Storm Doot;a Summer . 
Metal No Storm Door 
__1L Btu _w_ · IH~ __ w_ 
m2-c 2 hr-ft -F m2-c hr-ft2-F m2-c 
1.70 0.39 2.21 0.61 3.46 
1.59 0.34 1. 9 3. 0.53 3.01 
1.53 0.33 1.87 0.47 2.67 
1.36 0.29 1.65 0.42 2.38 
0.58 3.29 
0.39 2.21 
8 Approximately 50 percent glass for wood doors; values for metal doors are independent of 
glass percentage. 
.-
w 
. 00 
·-·. 
, . Table 110 
H!AT LQSS FACTORS FOR CONCRET! FLOORS WITH PERIMETER-TYPE HEATI~G DUCTS UNDER~~ATH* 
Outdoor Design 
Temperature 
F . . 
-20 
-10 
0 
10 
20 
c 
-29 
-23 
-18 
-12 
~ 7 
*Reference No. 1. 
1 ln. or 25 mm of Expanded Polystyrene, Molded Beads 
Vertical-Extending Down 
18 in. or 0.46 m 
Btu I ( hr- f t) 
1 OS 
95 
85 
75 
62 . 
W/m 
101 
91 
82 
72 
60 
Vertical and Horizontal 
at least 12 in. or 0.3 m 
Btu/(hr-ft) 
100 
90 
80 
70 
·57 
t~ /rn 
96 
86 
77 
67 
55 
.... 
w 
.\0 
·-· --
Table 12D 
HEAT LOSS FACTORS FOR UNHEATED CONCRETE FLOORS AT OR NEAR GRADE LEVEL* 
Outdoor Design Width of . 
Temperature Insula.ti.ona 
F c in. m -· 
-20 to -24 -29 to -31 24 0.6 
-15 to -:19 -26 to -28 24 0.6 
-10 to -14 -23 to -26 24 0.6 
- s· to - 9 -21 to -23 24 o.o 
0 to - 4 -18 to -20 24 0.6 
5 to 1 -15 t_o -17 24 0 •. 6 
10 to 6 -12 to -14 18 0.46 
15 to 11 .. 9 to -12 12 0.30 
*Reference No. 1 
aThe insulation may extend horizontally from 
foundation wall with equal effe~tiveness. 
Expanded Polystyrene, Molded Beads, · 
1 ~n. or 25 mm thick 
R = 3.75 (ft -hr-F)/Btu or 0.66 (m2-c)/W 
Btu/(hr-ft of perimeter) 
45 
43 
40 
38 
36 
33 
31 
31 
W/(rn of perimeter) 
43 
41 
38 
36 
35 
32 
30 
30 
the edge or extend downward along the vertical 
...... 
~ 
0 
APPE~DIX E 
TABLES FOR CALCULATING 
OUTSIDE DESIGN TEMPERATURE, 
WI~U SPEED A~n DIRECTIO~, 
AND 
DEGREE DAYS 
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Table lE 
DAILY TEMPERATURE OF BROOKINGS, SOU~ DAKOTA 
(Top temp is maximum and bottom temp is minimum for the day) 
1978 
I 
. ay · January February March April May June July 
-
1 5* 6 ' lS 69 60 58 91 
-17 -18 -11 30 30 45 67 
2 10 -1 19 38 54 54 80 
-9 -30 -6 31 27 41 65 
3 10 1 23 35 60 68 84 
-9 -25 -12 31 30 45 62 
4 15 12 1 41 64 70 87 
-4 -8 -19 31 35 51 65 
s 13 13 12 56 61 72 88 
-1 -16 -11 31 31 45 69 
6 22 3 19 45 60 77 78 
2 -15 -2 40 31 48 60 
7 25 9 22 65 60 -- 81 
15 -2 10 32 -- 50 60 
8 15 11 30 42 47 62 75 
-13 0 3 36 39 . 36 53 
9 -9 15 29 ' 56 47 73 69 
-18 3 13 37 41 47 56 
'10 -8 19 36 47 62 83 . 69 
-24 0 19- 33 42 55 45 
11 -5 22 ' 36 50 80 89 80 
-20 14 27 30 47 56 52 
12 .13 23 33 . 60 71 75 76 
-8 10 27 36 50 48 58 
13 18 17 38 45 59 72 87 
10 8 27 30 38 48 "54 
14 14 18 37 52 63 80 79 
-2 -4 24 27 35 54 58 
15 13 11 31 52 68 79 85 
47 63 57 -15 -5 15 32 
*All temperatures are measured in degrees Fahrenheit 
Day January 
16 9 
\ -25 
• 
17 -5 
-2S 
18 11 
-6 
19 11 
-21 
20 3 
-21 
21 1 
- 20 
22 9 
-15 
23 20 
4 
24 22 
' 5 
2S 26 
-10 
26 -1 
-15 
27 -8 
-18 
28 -3 
-18 
.29 -2 
-16 
30 4 
-12 
31 11 
-19 
February 
10 
-10 
7 
-9 
11 
-19 
13 
-13 
21 
-11 
17 
-12 
25 
-5 
32 
18 
32 
19 
34 
0 
15 
-10 
18 
-5 
22 
-4 
----
----
--
1978 
March 
31 
8 
27 
·1 
29 
8 
41 
23 
39 
25 
38 
27 
52 
31 
41 
24 
34 
23 
36 
21 
39 
24 
57 
25 
62 
29 
47 
28 
52 
31 
78 
37 
April 
51 
33 
58 
36 
40 
32 
36 
31 
33 
24 
40 
26 
55 
36 
49 
40 
44 
37 
43 
37 
60 
36 
62 
36 
66 
45 
57 
48 
60 
40 
--
May 
72 
44 
70 
43 
69 
43 
77 
48 
74 
45 
66 
36 
75 
46 
71 
51 
74 
55 
80 
57 
86 
65 
81 
60 
73 
60 
75 
58 
66 
50 
73 
47 
143· 
June July 
84 91 
61 59 ' 
82 89 
58 66 
73 91 
46 65 
77 83 
52 58 
80 72 
44 59 
67 68 
4() 58 
76 70 
50 45 
73 78 
59 50 
84 81 
62 60 
82 92 
66 61 
86 84 
58 53 
80 76 
54 53 
82 90 
58 60 
87 65 
64 58 
90 77 
67 55 .. 
-- --
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1978 
--Day : August September October November December 
1 77 80 65 55 20 
53 47 41 27 9 
2 80 81 .78 65 14 
52 59 46 27 -3 
3 69 90 70 72 7 
40 57 44 . '29 -4 
,4 69 90 53 75 18 
41 58 37 29 -19 
s 77 88 57 66 34 
48 54 36 . 40 16 
6 81 92 50 48 24 
. 53 66 . 36 14 -15 
7 84 93 47 50 7 
54 62 27 16 -7 
.8 89 95 55 60 7 
60 63 32 32 -21 
9 85 90 65 67 11 
49 63 36 38 -18 
10 80 88 57 55 9 
51 62 36 35 -16 
11 83 87 69 36 . 31 
53 . 65 38 22 8 
12 85 89 66 28 29 
61 63 37 23 15 
13 95 69 59 37 38 
67 56 34 24 19 
14 92 62 50 33 27 
73 4.6 27 18 13 
15 87 68 53 31 34 
63 44 28 11 20 
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1978 
; 
Day August September October November . December 
16 75 74 51 40 38 
54 47 5.0 16 24 \ • 
17 83 71 52 41 30 
56 41 20 24 0 
' . 
18 86 64 60 33 31 
56 43 34 16 12 
19 69 72 52 26 29 
46 48 28 6 19 
20 77 59 69 9 31 
48 44 32 1 15 . _
21 83 59 77 8 22 
54 32 34 1 7 
22 85 67 72 16 35 
59 37 39 8 13 
23 88 71 39 27 27 
60 41 16 15 14 
24 91 76 51 25 24 
64 43 16 11 -13 
25 78 74 70 39 12 
67 40 39 16 10 
26 88 74 46 37 21 
65 45 32 23 11 
27 78 81 51 25 16 
64 37 24 18 -7 
28 77 65 55 26 28 
60 39 26 -8 15 
~9 74 74 53 35 29 
49 ·36 34 -1 -1 
-30 79 66 65 15 9 
49 40 35 0 -6 
31 77 -- . 55 -- 3 
53 23 -17 
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1979 
I 
.Day January February March April May June July 
1 2 3 23 35 49 62 87 
\ -23 -27 15 25 33 43 59 
• 
2 -9 5 32 34 44 67 84 
-17 -19 22 19 35 38 64 
3 -2 7 36 32 50 76 86 
-13 -24 15 19 26 52 66 J 
> 
4 5 6 0 37 52 85 89 
-15 -27 0 24 29 53 60 
s -5 · -10 29 44 55 76 78 
-23 -28 -2 27 36 44 53 
6 1 29 34 28 63 78 78 
-21 -17 0 9 39 53 59 
7 9 7 36 34 79 79 72 
-13 -20 5 13 44 56 60 
8 0 0 19 56 66 75 75 
-12 -22 5 29 41 50 60 
9 17 -2 35 32 51 69 82 
-8 . -24 8 23 34 51 59 
10 9 7 12 39 37 55 85 
-13 -19 -10 24 33 47 64 
11 3 12 27 40 40 73 90 
-23 5 · -9 30 30 47 59 
12 9 12 34 38 48 82 88 
-2 -14 8 32 30 52 63 
13 4 7 38 42 62 78 84 
-:18 -13 17 32 36 51 63 
14 -8 24 30 38 63 86 79 
-23 -4 19 31 40 57 56 
1S -3' 26 26 48 64 96 81 
-25 -1 -9 26 33 62 52 
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' · 
1979 
Day January February . March April May June July 
16 5 -1 31 56 69 80 76 
-20 -25 -1 37 37 54 51 . 
17 4 -6 38 58 78 65 73 
-6 -26 30 -·4o 55 49 46 
.18 19 6 40 62 77 65 74 
-4 -6 34 45 41 50 48 
19 23 11 39 72 62 67 79 
7 · 1 32 51 36 54 56 
20 27 . 30 35 63 70 81 82 
-1 6 32 39 38 55 55 
-21 21 24 39 55 58 71 85 
8 6 28 28 31 55 62 
22 23 22 41 63 63 78 89 
13 7 30 38 36 52 63 
23 17 34 33 57 66 66 85 
-11 19 28 46 37- 52 64 
24 1 14 29 73 65 62" 87 
-25 -13 13 50 36 50 64 
25 11 14 27 66 68 77 77 
-25 -10 9 38 38 55 58 .... ., .... 
26 20 25 33 54 75 79 81 
10 -6 14 21 43 59 59 . . 
27 15 31 24 59 75 87 80 
5 13 10 27 45 61 54 
28 10 36 38 47 74 80 75 
-6 15 16 25 45 61 54 -
9 2 -- 42 51 86 84 78 
-21 -- 26 33 57 57 59 
30 -1· -- 34 36 86 81 81 
-20 -- 28 31 56 55 63 
31 2 -- . 35 -- 57 -- 79 -22 . 19 ·-- 42 54 
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1979 . 
--
Day August September October :~ovember December 
1 72 88 76 49 26 
45 65 46 29 -2 
l . 2 77 78 65 34 17 
51 55 34 25 -1 
3 85 78 67 36 28 
52 55 37 19 15 
·· 4 83 81 58 44 41 
58 58 28 25 18 
5 83 .87 56 49 45 
64 63 29 29 29 . 
6 82 76 66 32. 39 
66 49 30 18 19 
-
7 94 69 61 36 41 
65 39 34 21 24 -
8 85 65 70 45 29 
63 43 41 12 3 
9 87 80 52 30 34 
62 55 28 15 12 
10 81 90 50 27 50 
55 60 29 8 27 
11 72 67 55 28 57 
47 1 i 59 39 17 8 
12 74 67 62 ' 40 11 
·55 52 29 21 -2 
13 73 · 66 41 34 28 
58 39 18 22 8 
-
14 70 62 46 43 27 
42 38 21 25 10 --... ...___ 
15 62. 62 62 46 40 
41 36 31 28 25 
\ . 
1979 
Day Au gu st S~ptember October November December 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
58 
47 
64 
53 
80 
54 
85 
60 
66 
62 
78 
60 
77 
60 
73 
49 
68 
45 
72 
45 
77 
52 
72 
54 
74 
55 -
77 
52 
85 
57 
85 
60 
77 
47 
80 
52 
81 
44 
82 
36 
7·2 
46 
65 
32 
66 
37 
69 
45 
76 
47 
77 
40 
81 
47 
. 80 
. 56 
82 
44 
70 
37 
75 
34 
----
69 
34 
28 
58 
27 
63 
39 
63 
:37 
58 
39 
40 
32 
35 
26 
40 
25 
57 
25 
50 
·30 
60 
37 
62 
26 
69 
32 
55 
36 
44 
. 39 
52 
-24 
65 
19 
64 
29 
61 
30 
51 
23 
36 
28 
34 
25 
30 
22 
35 
5 
31 
9 
36 
23 
28 
1 
29 
14 
19 
9 
26 
11 
----
-
29 
-14 
11 
-12 
28 
10 
52 
20 
51 
26 
50 
26 
49 
21 
46 
23 
2"7 
20 
23 
18 
33 
17 
43 
21 
34 
1.8 
30 
20 
35 
28 
34 
21 
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Table 2E 
.ANALYSIS OF WI~'D DATA 
(October 24, 1979 through 1\ovember 4, 1979) 
~asurements taken from Agricultural Engineering Roof 
Hours October 24 October 25 
of Day Ave. Fast Wind Ave. Fast Wind 
Vel. Vel. Directiqn Vel. Vel. Direction 
\ . 0-1 1* 3 ESE 0 2 NE 
1-2 2 4 SSE 0 2 1\E 
2-3 2 4 SE 0 2 El\~ 
3-4 1 4 .ESE 0 1 E~"E 
--4-5 2 4 SE 2 2 E~ 
5-6 2 4 SE 0 2 Et\E 
6-7 0 2 ESE 0 2 E 
7-8 0 5 ESE 0 2 E 
8-9 2 8 ESE 2 8 E 
9-10 4 9 SSE 5 10 ESE 
10-11 4 10 SSE 4 13 ESE 
11-12 4 8 SSE 5 15 ESE · 
12-13 2 9 ESE 6 15 ESE 
13-14 4 9 SSE 6 16 ESE 
14-15 2 9 s 6 15 ESE 
15-16 1 5 WSW 7 14 ESE 
16-17 1 4 WSW 6 13 ESE 
17-18 . ' 0 2 tE 6 11 ESE 
18-19 0 2 E~'E 6 12 ESE 
19-20 0 2 E~ 8 \ 15 ESE 
~0-21 0 2 E~ 9 19 ESE 
21-22 0 2 ~ 6 18 SE 
22-23 1 2 ~ 8 16 SE 
23-24 0 2 NE 7 17 . SE 
•Measured in miles per hour 
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Hours October 26 October 27 
c0f Day Ave. Fast Wind Ave. Fast Wind 
Vel. Vel. Direction Vel. Vel. Direction 
I 
0-1 8 20 SE 6 12 w 
\ 1-2 8 22 SE 5 11 w . 
2-3 10 23 . SE 5 11 w 
3-4 9 23 SSE 4 11 w 
4-5 7 21 SSE 3 8 W~'W 
S-6 9 26 SSE 4 10 W~'W 
6-7 8 25 SSE 5 10 Wl\'W 
7-8 9 26 SSE 6 13 WNW \ 
33 SSE 6 14 
\ . 
8-9 11 t-.'W 
9-10 13 36 SSE 7 17 ~w 
10-11 15 37 SSE 6 16 ~'W 
11-12 18 33 SSE 9 19 l\'W 
12-13 16 36 SSE 10 20 t-.'W 
13-14 11 33 SSE 10 20 ~'W 
14-15 12 30 s 8 19 ~VI 
15-16 12 28 s 7 17 ~'W 
16-17 10 25 s 7 14 t-.'W 
17-18 s 10 SSE i 4 Wh'W 
18-19 4 10 SSE 1 2 WSW 
19-20 4 11 SSE 1 4 WSW 
20-21 4 19 sw 2 4 WSW 
21-22 10 23 NV 2 4 WSW 
-22-23 3 10 Wl\W 2 · 4 WSW 
23-24 4 9 w 0 3 WSW 
152 
.Hours October 28 October 29 
_-.of Day Ave. Fast Wind Ave. Fast Wind ,, Vel. Vel. Direction Vel. Vel. Direction 
-0-1 0 2 sw 2 5 SSE 
\ 1-2 0 0 ssw 4 8 SSE . 
2-3 0 3 ssw 2 6 SSE 
3-4 0 2 ssw 2 3 SE 
4-5 () 0 ESE 2 6 SSE 
.S-6 0 2 ESE 1 2 SSE 
6-7 0 2 ESE 1 3 N 
7-8 1 2 ESE 2 2 E~'E '\ 
.:8-9 0 2 .ESE 1 3 Nt-.'E 
:9-10 . 0 4 ESE 2 8 NNE 
10-11 0 3 SSE 4 1 ~h'E 
11-12 1 · 8 ssw 2 5 ENE 
12-13 5 13 ssw 2 1 Et\"E 
13-14 4 14 ssw 2 1 ENE 
~4-15 6 17 ssw 4 8 ENE 
1S-16 6 17 ssw 5 17 NNE 
~6-17 4 10 ssw 4 11 Nl\E 
17-18 3 6 s 4 18 NNE 
18-19 4 4 SSE 3 10 N~"E 
19-20 4 4 SSE 3 9 NNE 
20-21 3 s SSE 4 14 ENE 
.21-22 0 s SSE 6 16 ENE 
22-23 0 2 Nt\E 6 13 E~ 
23-24 0. 6 SSE. 4 16 NNE 
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--Hours October 30 October 31 
-of Day Ave. Fast Wind .Ave. Fast Wind 
Vel. Vel. Direction Vel. Vel. Direction 
0-1 2 12 ENE 10 25 1\NE 
•• 1-2 4 16 ENE 12 27 ~~IE . 
2-3 6 21 NNE 10 24 N~'E 
3-4 8 23 1\~"E 10 25 NNE 
4-5 ·11 23 ~1-.'E 8 19 ~NE 
S-6 10 22 .NNE 4 lQ Nl\'E 
6-7 10 22 NNE 6 10 Nl\'E 
7-8 6 20 'NNE 4 19 NNE .\ 
8~9 1 19 Nl\~ 2 15 El\'E 
-9-10 8 18 NNE . 2 10 NE 
10-11 4 16 NE 4 13 E~'"E 
11-12 . 6 17 NNE 2 10 E~'E 
12-13 6 25 NNE 2 13 Nl\'E 
13-14 6 16 NNE 8 15 N~'E 
--14-15 9 21 ~~NE 10 24 N~'E 
. 15-16 10 25 N~'E 8 25 N~'E 
16-17 12 28 Nl\'E 10 23 NNW 
17-18 10 27 N~'E 6 20 NM-1 
18-19 12 25 N~'E 6 21 N~'W 
19-20 10 23 NNE 8 22 N~'W 
20-21 10 25 N 10 28 NW 
21-2.2 10 22 N 10 25 NW 
..22-23 10 24 N 12 29 t-.W 
23-24 10 23 t-.'NE 10 36 N~1-1 
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Hours · November 1 November 2 
of Day Ave. Fast Wind Ave. Fast Wind 
Vel. Vel. Direction Vel. Vel. Direction 
0-1 12 40 l\'W 4 11 sw 
-~ 1-2 14 37 t-.'W 4 10 ssw . 
2-3 16 41 t\'W 4 12 ssw 
-3-4 14 38 w 6 13 sw 
4-S 1'4 39 1M 4 9 WSW 
5-6 14 39 l\W 3 8 WSW 
6-7 13 31 Nil 2 8 WSW 
·1-8 12 27 1\W 2 6 w \~ 
8-9 12 35 t\"W 2 10 Wl\W 
9-10 10 30 NW 2 10 Wl\W 
10-11 10 33 t-.W 4 12 Wl\W 
11-12 8 24 Wl\'W 4 13 Wl\W 
12-13 6 22 WNW 6 16 W~"'W 
13-14 6 22 WNW 6 18 Wl\W 
-14-15 8 24 W~'W 6 17 WhW 
15-16 10 25 w 8 19 t\"'W 
·16-17 8 22 w 6 16 w 
17-18 6 19 -WSW 6 15 w 
18-19 3 11 WSW s 20 l\'W 
19-20 4 8 WSW 4 12 to;w 
-20-21 4 10 sw 4 16 " l\"W 
"21-22 4 12 ssw 3 17 NN 
- 22-23 s 13 sw 2 4 WlfN 
23-24 5 11 sw 2 3 w 
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Hours ·November 3 t\ovember 4 
of Day Ave. Fast Wind Ave. Fast Wind 
Vel. Vet. Direction Vel. Vel. Direction 
0-1 1 2 w 6 11 SE 
\ 1-2 1 3 WSW 2 9 SE . 
-2-3 0 2 WSW 1 4 SE 
3-4 2 3 WSW 0 2 ESE 
4-5 1 2 WSW 0 0 E 
5-6 0 2 WSW 0 0 E 
6-7 0 2 s 0 0 E 
. 7-8 0 2 s · 0 0 WSW •. 
8-9 · 3 6 s 0 2 WNW 
··9-10 ·4 10 s 1 4 w~~ 
10-11 4 14 s 2 7 N~'W 
11-12 6 16 s 2 5 NNE 
12-13 6 19 s 0 6 NNE 
13-14 9 19 s 3 8 NNE 
14-15 6 17 SSE 4 10 Nh"E 
15-16 6 14 SSE s 13 NNE 
16-17 4 12 SSE 7 14 'NNE 
17-18 4 10 SE 2 8 NE 
18-19 6 10 SE 2 7 NNE 
19-20 5 13 SSE 4 14 ~NE 
20-21 5 13 SSE 6 16 · N~T£ 
21-22 6 14 SSE 4 17 NNE 
.22-23 7 15 SSE 6 16 NNE 
23-24 6 13 SSE 4 15 NNE 
156 
Table 3E 
,BROOK! NGS. HEATING DEGREE DAYS 1978 - 1979 
1978 
Day of 
-Month January February March April May June 
'\ 1 71.0 70.5 63.0 15.5 20.0 5.8 
~ 2 64.5 . 80.5 58.5 30.5 24.5 3.4 
3 65.0 77.0 59.5 32.0 20.0 2.2 
4 59.5 63.0 74.0 29.0 15.5 1.1 
s 59.0 66.5 64.5 21.5 19.0 1.2 
6 53.0 71.5 56.5 17.5 19.5 2.5 
7 . 45.0 61.5 49.0 15.0 16.5 0 
8 64.0 59.5 48.5 26.0 22.0 16.0 
9 78.5 56.0 44.0 10.5 20.5 5.0 
10 81.0 -55.5 40.5 25.0 13.0 0 
11 77.5 47.0 33.5 25.0 . 1.5 0 
12 62.5 48.5 34.0 17.0 4.5 3.0 
13 51.0 52.5 32.5 27.5 16.5 5.0 
14 . 59.0 58.0 34.5 20.5 16.0 0 
15 66.0 62.0 42.0 23.0 12.5 0 
16 13.5 65.0 45.5 23.0 9.5 0 
17 80.0 66.0 51.0 18.0 8.5 0 
18 62.5 69.0 46.5 29.0 9.0 5.5 
19 70.0 65.0 33.0 31.5 2.5 1. 0 
20 74.0 60.0 40.0 36.5 5.5 3.0 
21 74 .• 5 61.5 32.5 32.0 14.0 11.5 
'22 68 •. 0 55.0 23.5 19.5 4.5 2.0 
23 56.5 40.0 32.5 20.5 4.0 0 
24 51.5 39.5 36.5 24.5 0.5 0 
25 57.0 50.0 31.5 22.0 0 0 
26 73.0 62.5 33.5 17.0 0 0 
27 78.0 59.5 24.0 16.0 0 0 
28 . 75.5 51.0 19.5 9.5 0 0 
29 74.0 27.5 12.5 · o 0 
30 69.0 23.5 15.0 7.0 0 
31 .. 69.0 7.5 5. 5· 
~OTAL 2062.5 10673.5 1186~5 662.0 312.0 68.2 
SEASONAL 
TOTAL 2062.5 3736.0 4922.5 5584.5 . 5896.5 5964.7 
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1978 
Day of 
July -Month August September October ~ovember December 
1 0 0 1.5 10.0 24.0 50.5 
\ 2 0 0 0 3.0 17.5 60.0 . 3 0 10.5 0 8.0 12.0 63.5 
4 0 10.0 0 2o.o · 13.0 65.5 
s 0 2.5 0 19.0 12.0 39.0 
6 0 0 0 22.0 34.0 60.5 
7 0 0 ·o 28.0 32 .• 0 15.0 
8 1.0 0 0 21.5 19.0 71.0 
9 .2.5 0 0 14.5 12.5 .68.5 
10 7.5 0 0 18.0 20.0 68.5 
11 0 0 0 11.5 31.0 45.5 
12 0 0 0 13.5 39.5 47.0 
13 0 0 3.0 18.5 34.5 36.5 
14 0 0 11.0 26.5 39.5 35.0 ._ 
15 0 0 9.0 24.5 44.0 38.0 
16 " 0 o.-5 4.5 29.5 37.0 34.0 
17 0 0 11.0 20.0 32.5 50.0 
18 0 0 11.5 16.5 40.5 43.5 
19 0 7.5 5~0 25.0 49.0 41.0 
20 0 2.5 14.0 12.5 60.0 42.0 
21 0 0- 19.5 9.5 60.5 50.5 
22 2.0 0 13.0 9.5 53.0 41.0 
23 7.5 0 9.0 37.5 44.0 44.5 
24 1.0 0 5.5 32.0 47.0 59.0 
25 0 0 6.0- 11.5 37.5 64.0 
26 0 0 5.5 26.0 42.0 59.5 
27 0 0 6.0 28.5 43.5 60.5 
28 o.s 0 13.0 22.0 56.0 45.5 
29 o· 0 10.0 21.5 48.0 51.0 
Jo · 3.5 0 12.0 15.0 57.5 66.5 
31 0 0 26.5 72 .o 
TOTAL 24.5 33. 5 161.0 577.0 1090~5 1649.0 
SEASOK.<\L 
TOTAL 5989.2 6022.7 6183.7 6760.7 7851.2 9500.2 
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1979 
.Day of 
-Month January February March April May June 
1 75.5 77.0 46.0 35.0 24.0 12.5 
2 78.0 72.0 37.5 38.5 25.5 9.0 ., 3 72.5 73.5 39.5 39.5 27.0 1.0 
~ 4 70.0 75.5 46.5 35.0 24.5 0 s 79.0 84.0 51.5 29.5 · 19.5 5.0 
6 74.5 59.0 48.0 46.5 14.0 0 
7 67.0 71.5 44.5 41.5 . 3.5 o· 
8 71.0 75.0 53.0 22.5 16.5 2.5 
9 60.5 78.0 43.5 37.5 22 .5· .5. 0 
·to . 66.5 71.0 63.0 33.5 30.0 14.0 
11 75.0 56.5 47.0 30.0 30.0 5.0 
12 ·68.5 66.0 44.0 30.0 26.0 3.5 
13 72.0 ' 68.0 32.0 28.0 16.0 0.5 
14 80.5 55.0 40.5 30.5 13.5 0 
·15 19.0 5.2.5 56.5 28.0 16.5 0 
16 72.5 60.0 48.5 18 .. 5 12.0 0 \ 
17 . 66.0 80.5 31.0 16.0 0 8.0 
'18 57.5 65.0 28.0 11.5 6.0 7.5 
19 54.0 60.0 28.5 3.5 15.5 4.5 
20 55.0 47.0 31.5 14.0 11.0 0 
21 50.5 50.0 31.5 23.5 20.5 2.0 
22 47.0 51.5 29.5 14.5 15.5 0 
23 62.0 43.5 35.0 12.5 13.5 6.0 
24 77.0 64.5 44.0 3.5 15.5 9.0 
25 72 •. 0 63.0 47.0 13.0 14.5 0 
26 so.o 49.5 41.5 24.5 6.0 0 
27 55.0 43.0 31'. 0 22.0 5.0 0 
-28 63.0 42.0 38.0 29.0 5.5 0 
29 75.0 31.0 23.0 0 0 
30 75.·5 32.5 22.5 0 0 
31 75.0 38.5 15.5 
-'TOTAL 2089.4 1679.0 1260.0 757.0 465.0 95.0 
SEASONAL 
TOTAL 2089.4 3768.4 5028.4 5785.4 6250.4 6345.4 
. . 
qinfiltration of basement = (3212.50) (0.24) (0.075) 
(68 + 13) 
• 
qinfiltration (total) 
= 4510.35 Btu/hr • 
= 8626.61 + 4510.35 = 
13,136.96 Btu/hr. 
Total Heat Loss (transmission and infiltration): 
• 
qtotal = 49538 + 13136.96 = 62,674.96 Btu/hr • 
• 
80 
F = ~24) (q) (DD) (CD) (CF) 
IA(t.-t) H 
(14) 
fl.. 1 0 
DD = 9515 
• 
q = 62,675 Btu/hr. 
CD = 0.59 
CF = 1.36 
n= 7CY!o 
t. = 68°F 
1 
t 0 = -13°F 
H = 140,000 Btu/gal. of. No. 2 . fuel oil 
F = (24) (9515) (62675) (0.59) (1.36) 
(0.7) (6S+l3) (140,000) 
F = 1446.75 gallons n~eded to heat the house. 
-The residents of the . hous~ used 1435 gallons of fuel oil 
during the 1978-79 winter. 
Existin~ furnace 
Type: Waterbury 
Mode 1: . XYB4 
. ' 
